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Description 

BACKGROUND OF THE INVENTION 

s 1 . Field of the invention 

[0001] The present invention relates to a material for an insulating film, a coating varnish for an insulating film and 
an insulating film and a semiconductor using the material orthe varnish. More particularly, the present invention relates 
to a material for an insulating film which exhibits excellent electrical, thermal and mechanical properties, can achieve 
10 a low permittivity and is advantageously used for insulating interlayer films and surface protective films in semicon- 
ductors, insulating interlayer films of multi-layer circuits, cover coats of flexible copper clad laminates, solder resist 
films and liquid crystal-aligning films, a coating varnish for an insulating film comprising this material, an insulating film 
using the material or the varnish and a semiconductor using the material or the varnish. 

is 2. Description of Related Art 

[0002] As the materials for semiconductors, inorganic materials and organic materials are used in various portions 
in accordance with the necessary properties. For example, as the insulating interlayer film for semiconductors, films 
of inorganic oxides such as silicon dioxide prepared in accordance with the chemical vapor deposition process are 
20 used. However, as the speed of semiconductors increases and the performance is still more improved, a problem 
arises with the films of inorganic oxides in that the permittivity is high . As a method to overcome this problem, application 
of organic materials has been studied. 

[0003] The organic materials applied to semiconductors are, for example, polyimlde resins exhibiting excellent heat 
resistance and eiectricai and mechanical properties. The polyirnide resins are used for solder resist films, cover lays 

25 and liquid crystal-aligning films. However, since the polyirnide resins have two carbonyl groups on the imide ring, in 
general, problems are found with respect to water absorption and electrical properties. To overcome these problems, 
improvement in the water absorption and the electrical properties has been attempted by introducing fluorine or groups 
having fluorine into the organic macromotecufe and some of the improved resins are practically used. Polybenzoxazoie 
resins are the resins exhibiting more excellent heat resistance, water absorption and electrical properties than those 

so of the polyirnide resins. Application of the polybenzoxazoie resins to various fields has aiso been attempted. Examples 
of the polybenzoxazoie resin include resins having the structure derived from 4,4'-diamino-3 J 3'-dihydroxybiphenyl and 
terephthalic acid and resins having the structure derived from 2,2-bis(3-amino-4-hydroxyphenyl)hexafIuoropropane 
and terephthalic acid. 

[0004] However, it Is the actual present situation that, in the most advanced field requiring more excellent properties 

35 such as more excellent heat resistance, eiectricai properties and water absorption, no materials satisfying the all re- 
quirements have been obtained yet. Some materials exhibit insufficient electrical properties such as permittivity al- 
though the heat resistance is excellent. The introduction of fluorine causes a decrease in the heat resistance although 
the electrical properties can be improved. In particular, when organic materials are applied to insulating interlayer films 
for semiconductors, it is required that the heat resistance, the mechanical properties and the water absorption be as 

40 excellent as those of inorganic materials and, moreover, a lower permittivity is required. 

[0005] In response to the requirements for further improvements in the properties, decreasing density of films of 
inorganic oxides, which are inorganic materials, by forming fine pores in the films is studied in order to achieve a 
decrease in the specific permittivity. The air has a specific permittivity of 1 . Therefore, the decrease in the specific 
permittivity by introduction of the air in the film may be suggested by the method described in the specification of the 

45 United States Patent No. 3,883,452 in which a foamed polymer having pores having an average diameter of about 20 
urn is formed. However, to prepare an effective insulating material by introducing the air into a film, it is necessary that 
a uniform distribution of the specific permittivity be achieved in a film having a thickness of an order of submicrometer. 
It is also necessary that the film have sufficient mechanical properties for enduring various steps in the production 
process. It Is the actual present situation that no Inorganic materials overcoming the above problems have been 6b- 

so tained yet. 

[0006J On the other hand, as the technology for obtaining fine pores having a size of an order of submicrometer in 
organic materials, a technology in which a resin having fine pores having a size of an order of submicrometer is formed 
by a heat treatment of a block copolymer is disclosed (United States Patent No. 5,776,990). The phase separation of 
a size of an order of submicrometer in block copolymers has been known [T. Hashimoto, M. Shibayama, M. Fujimura 
55 and H. Kawai, "Miorophase Separation and the Polymer-polymer Interphase in Block Polymers" in "Block Copolymers- 
Sclence and Technology', p.63, Ed. by D. J. Meier (Academe Pub., 1983)]. it is also well known in the field of the 
macromolecular chemistry that polymers having a low ceiling temperature are easily decomposed. However, to obtain 
a resin composition having fine pores while the requirements not only for the specific perm'rttivity but also for the me- 
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chanica! properties, the electrical properties, the water absorption and the heat resistance are satisfied, the combination 
of the resin, the technology of forming blocks and the components decomposable under heating is extremely limited. 
It is the actual present situation that no technology satisfying the entire requirements can be found. 

s SUMMARY OF THE INVENTION 

[0007] The present invention has an object of providing a material for an Insulaling film exhibiting excellent electrical 
properties, thermal properties and mechanical properties and can achieve a low permittivity, a coating varnish for an 
insulating film containing the material, an insulating film using the material or the varnish and a semiconductor device 

w having the insulating film. 

[0008] As the result of extensive studies by the present inventors to achieve the above object, it was found that the 
above object can be achieved by using a copolymer obtained by reacting a polyamide having a specific structure with 
a reactive oligomer as a component forming the film in the material for an insulating film. The present Invention has 
been completed based on the knowledge. 

15 [0009] The present invention provides: 

(1 ) A material for an insulating film which comprises, as a component forming the film, a copolymer obtained by 
reacting a polyamide represented by following general formula [1] with a reactive oligomer having a substituent 
which can react with carboxyl group, amino group or hydroxyl group in a structure of the polyamide; 



25 




wherein R 1 to R 4 each independently represent hydrogen atom or a monovalent organic group, X represents a 
tetravalent group selected from groups represented by following formulae (A), two groups represented by X may 
be the same with or different from each other, Y represents at least one divalent group selected from groups 
represented by following formulae (B), (C), (0) and (E), Z represents a divalent group selected from groups rep- 
resented by following formulae (F), m and n each represent an integer satisfying relations of m>0, nsrj, 
2Sm+n^1 ,000 and 0.05^m/(m+n)sl and arrangement of repeating units may be a block arrangement or a ran- 
dom arrangement; . 
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Formulae {B)-2 
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Formulae (C)-2 
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Formulae (D) 
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wherein X 1 in formulae (A) and (F) represents a divalent group selected from groups represented by following 
formulae (G): 
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Formula (G) 




R in formulae (C) represents an alky! group or a monovalent group selected from groups represented by formulae 
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Formulae (H) 
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20 and 

hydrogen atoms on a benzene ring in groups represented by Formulae (A), (B), (C), (D), (E), (F) and (G) may be 
substituted with at least one atom or group selected from alkyi groups having 1 to 4 carbon atom, fluorine atom 
and trifluoromethy! group; 

(2) A materiai for an insulating film described in (1), wherein the polyamide is represented by general formula [1 } 
25 m which Y represents a divalent group selected from the groups represented by formulae (B)- 

(3) A material for an insulating film described in (1), wherein the polyamide is represented by 'general formula [1] 
in which Y represents a divaient group selected from the groups represented by formulae (C); 

(4) A material for an insulating film described in (1 ) , wherein the polyamide is represented by general formula [1 ] 
in which Y represents a divalent group selected from the groups represented by formulae (D); 

(5) A material for an insulating film described In (1), wherein the polyamide is represented by general formula [11 
in which Y represents a divalent group selected from the groups represented by formula (E); 

(6) A material for an insulating fiim described in (1), wherein the reactive oligomer Is at least one oligomer selected 
from polyoxyaikylenes, polymethyi methacrylate, po[y-«-methylstyrene, polystyrene, polyesters, polyether esters 
polycaprolactone and polyurethanes; 

(7) A material for an insulating film described in (1 ), wherein the reactive oligomer has a number-averaqe molecular 
weight in a range of 100 to 40,000; 

(8) A material for an insulating film described in (7), wherein the reactive oligomer has a number-averaqe molecular 
weight in a range of 100 to 20,000; 

(9) A material for an insulating fiim described In (8), wherein the reactive oligomer has a number-averaqe molecular 
weight in a range of 1 00 to 1 0,000; 

(10) A material for an insulating fiim described in (1), wherein the copolymer comprises 5 to 70% bv weiaht of a 
unit of the reactive oligomer; 

(11) A material for an insulating film described In (10), wherein the copolymer comprises 5 to 50% by welqht of a 
unit of the reactive oligomer; ' 

(12) A material for an insulating film described in (1 f ), wherein the copolymer comprises 5 to 40% by weight of a 
unit of the reactive oligomer; 

(1 3) A coating varnish for an insulating film which comprises a materiai for an insulating film described in (1) and 
an organic solvent in which the material for an insulating film can be dissolved or dispersed- 

(14) An insulating film which comprises a layer of a resin comprising a polyben?oxazoie as a main structure and 
has fine pores, wherein the polybenzoxazole is obtained by treating a material for an insulating film described in 
(1) or a coating varnish for an insulating film described In (13) by heating so that condensation reaction and 
crosslinking reaction take place; 

(15) An insulating fiim described in (14), wherein the fine pores in the insulating film have diameters of 1 urn or 

smilfer 1 " 3 "' 3 "" 9 dSSCribed in (15} ' wherein the fine P° res in the inflating film have diameters of 500 nm or 

(17) An insulating film described in (1 6), wherein the fine pores in the insulating film have diameters of 100 nm or 
smaller; 
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(1 8) An insulating film described in (17), wherein the fine pores in the insulating film have diameters of 20 nm or 
smaller; 

(1 9) An insulating film according to Claim 1 4, wherein the insulating films has a fraction of pores of 5 to 70%; 

(20) An insulating film described in (1 9), wherein the insulating films has a fraction of pores of 5 to 50%; 
s (21) An insulating film described in (20), wherein the Insulating films has a fraction of pores of 5 to 40%; 

(22) An insulating film described in (14), which is used as an insulating interlayer film for multi-layer wiring in 
semiconductors; 

(23) An insulating film described in (14), which is used as a surface protective film of semiconductors; and 

(24) A semiconductor device which comprises at least one of an insulating interlayer film for multi-layer wiring 
10 comprising an insulating film which is described in (22). and a surface protective film comprising an insulating film 

which is described in (23). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 [001 0] The material for an insulating film of the present invention comprises a copolymer obtained by reacting a 
polyamide and a reactive oligomer as the component forming the film. At least one skeleton structure which can be 
crosslinked by heating is selected from the ethynyl skeleton structure, the phenyiethynyl skeleton structure, the 
alkyiethynyl skeleton structures, the biphenylene skeleton structure and the inner acetylene skeleton structure and is 
introduced into the main chain of the poiyamide unit in the copolymer. Then, the amide group in the main chain is 

so converted into a polybenzoxazole structure by ring closure and, atthe same time, the structure of the resin is converted 
into a three-dimensional structure by the crossllnking reaction of the skeleton structure selected from the ethynyl skel- 
eton structure, the phenyiethynyl skeleton structure, the alkyiethynyl skeleton structures, the biphenylene skeleton 
structure and the inner acetylene skeleton structure". Thus, a resin having excellent heat resistance can be provided. 
The unit of the oligomer in the copolymer Is decomposed and the products of the decomposition are vaporized in the 

25 step of heating the resin. Fine pores are formed in the film of the resin comprising the polybenzoxazole as the main 
structure and the permittivity is decreased. A porous insulating film which exhibits both of excellent heat resistance 
and excellent electrical properties is obtained. The essential portion of the present invention can be summarized as 
described above. 

[001 1] The polyamide which constitutes the poiyamide unit in the copolymer in the material for an insulating film of 
so the present invention has a structure represented by general formula [1] described above. The polyamide can be 
obtained from at least one bisaminophenol compound having a tetravalent group selected from the groups represented 
by formulae (A) and at least one dicarboxyllc acid having a group selected from the divalent groups represented by 
formulae (B), (C), (D) and (E) in accordance with a conventional process such as the acid chloride process, the activated 
ester process and the condensation reaction In the presence of an agent for condensation with elimination of water 
as such as polyphosphoric acid and dicyclohexylcarbodiimide. A combination of the above dicarboxyllc acid and a dicar- 
boxyllc acid having a divalent group selected from the groups represented by formulae (F) may be used as the dicar- 
boxyllc acid. 

[001 2] A highly heat resistant resin can also be obtained by forming an interpenetrating network from a combinatio.n 
of a polyamide comprising at least one skeleton structure selected from the ethynyl structure, the phenyiethynyl struc- 
40 ture, the alkyiethynyl structures, the biphenylene structure and the internal acetylene structure and a conventional 
polyamide without crosslinking groups, i.e., without the crosslinking reactivity. 

[0013] A polyamide which does not have the ethynyl skeleton structure, the phenyiethynyl skeleton structure, the 
alkyiethynyl skeleton structures, the biphenylene skeleton structure or the internal acetylene skeleton structure can be 
obtained from at least one bisaminophenol compound having a tetravaient group selected from the groups represented 
45 by formulae (A) and at least one dicarboxylic acid having a divalent group selected from the groups represented by 
formulae (F) in accordance with the same process as that described above. 

[001 4] Examples of the bisaminophenol compound having a tetravalent group selected from the groups represented 
by formulae (A) include 2,4-diaminoresorcinoi, 4,6-diammoresoreinol, 2,2-bis(3-amino-4-hydroxyphenyl)hexafiuoro- 
propane, 2,2-bis(4-amlno-3-hydroxyphenyl)hexafluoropropane, 2,2-bis(3-amino-4-hydroxyphenyl)propane, 2,2-bis 

so (4-amino-3-hydroxypheny!)propane, 3,3'-diamino-4,4'-dlhydroxydiphenylsulfone, 4,4'-diamino-3,3'-dihydroxydiphe- 
nylsulfone, 3,3'-diam!no-4,4'-dihydroxybiphenyl, 4,4'-diamino-3,3'-dihydroxybiphenyl, 9,9-bis(4-((4-amino-3-hydroxy) 
phenoxy)phenyl)fluorene, 9,9-bis(4-((3-amino-4-hydroxy)-phenoxy)phenyl)ftuorene,9,9-bis((4-amino-3-hydroxy)phe- 
nyl)fluorene, 9,9-bis((3-amino-4-hydroxy)phenyl)fluorene, 3,3'-diamino-4,4'-dihydroxydlphenyl ether, 4,4'-diamino- 
3,3'-dihydroxydiphenylether,2,2-bis(3-amino-4-hydroxy-2-trifluoromethylphenyl)propane,2,2-bis(4-amino-3-hydroxy- 

5* 2-tiifluoromethy!phenyl)proparie, 2,2-bis(3-amino-4-hydroxy-5-trifiuoromethyipheny!)propane, 2,2-bis(4-amino-3-hy- 
droxy-5-trifluoromethylphenyl)propane, 2,2-bis{3-amino-4-hydroxy-6-trifluoromethylphenyl)propane, 2,2-bis(4-amino- 
3-hydroxy-6-trlfluoromefhylphenyi)-propane, 2,2-bis(3-amino-4-hydroxy-2-trifluoromethylphenyl)hexafiuoropropane, 
2,2-bis(4-amino-3-hydroxy-2-trifluoromethy!phenyl)-hexafluoropropane, 2,2-bls(3-amino-4-hydroxy-5-trifluoromethyl- 
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phenyl)-hexafluoropropane, 2,2-bis(4-amino-3-hydroxy-5-trif!uoromeihylphenyl)-hexafluorapropane > 2,2-bis{3-amlno- 

4- hydroxy-64rHtuorornethyiphenyl)-hexafluoropropane, 2,2-bis(4-amino-3-hydroxy-6-trifluoromethy[phGnyl)-hex- 
afluoropropane, 3,3 , -dlamino-4,4'-dihydroxy-2,2 , -bis(trifluoromethyl)-biphenyi 1 4,4'-diamtno-3,3'-dlhydroxy-2,2'-bis(tri- 
fluoromethyi)biphenyl, S.S'-dlamino^^'-dihydroxy-S.B'-bls^rifluoromethyObipheny!, 4 1 4'-diamino-3,3'-dihydroxy-5,5 , - 

* bis(trifluoromethyOblphenyl, S.S'-dlamlno^^'-dlhydroxy-e.'e'-bisJtrlfluoromethyllbiphenyi^^'-dlamlno-S^'-dihydroxy- 
6,6'-bis(trlfluoromeihyl)biphenyl, 9,9-bis{4-((4-amino-3-hydroxy)pfienoxy)-3-phenyfphenyl)fluorene,9,9-bis(4-((3-ami- 
no-4-hydroxy)phenoxy)-3-phenylphenyl)fluorene, 9,9-bis({2-amino-3-hydroxy-4-phenyl)phenyl)fluorene, 9,9-bis((2- 
hydroxy-3-arnino-4-phenyl)phenyl)-fiuorene, The above compounds may be used singly or in combination of two or 
more. 

io [Q01 S] Examples of the dicarboxyltc acid having the ethynyl skeleton structure having a divalent group selected from 
the groups represented by formulae (B), which is used in the present invention, include 3-ethynylphthalic acid, 4-ethy- 
nylphthalic acid, 2-ethynylisophthalic acid, 4-ethynylisophthalic acid, 5-ethynyiisophthaiic acid, 2-ethyftyiterephthalic 
acid, 3-ethynylterephthalic acid, 5-ethynylterephthalic acid, 2-ethynyl-1 ,5-naphthaIenedicarboxyllc acid, 3-ethynyl- 

1.5- naphthalenedicarboxylicacid, 4-ethyny!-1 ,5-naphtha(ene-dicarboxylic acid, 1-ethynyl-2,6-naphthalenedicarboxyllc 
is acid, 3-ethynyl-2,8-naphthalenedicarboxyiic acid, 4-ethynyl-2,6-naphthafenedicarboxylic acid, 2-ethynyl-1 ,6-naphtha- 

lenedicarboxylic acid, 3-ethyny!-1 ,8-naphthalenedicarboxylic acid, 4-ethynyl- 1 ,6-naphthalenedicarboxylic acid, 5-ethy- 
nyl-1 ,6-naphthalenedicarboxylic acid, 7-ethynyt-1 ,6-naphthalene-diearboxy!icacid, 8-ethynyl-l ,6-naphthalenedicarbo- 
xylic acid, 3,3'-diethynyl-2,2'-biphenyldicarboxylic acid, 4,4'-diethynyl-2,2'-bipheny(-dicarboxylic acid, 5,5'-diethynyl- 
2,2'-biphenyidlcarboxylic acid, 6,6'-dieihynyl-2,2'-biphenyldicarboxylic acid, 2,2'-diethynyl-3,3'-blphenyl-dicarboxylic 

SO acid, 4,4'-diethyny[-3,3'-biphenyldtcarboxyiic acid, 5,5'-dlethynyi-3,3'-bipheny!dicarboxylic acid, 6,6'-diethynyl-3,3'-bl- 
phenyl-dicarboxylic acid, 2,2'-diethynyl-4,4'-bipheny!dicarboxyl]c acid, 3,3'-diethynyl-4,4'-biphenyldicarboxylic acid, 
2,2-bis(2-carboxy-3-ethynyiphenyl)propane, 2,2-bis(2-carboxy-4-ethynylphenyl)-propane, 2,2-bis(2-carboxy-5-ethy- 
nylphenyl)propane, 2,2-bis(2-carboxy-6-ethynyi-phenyl)propane, 2,2-bis(3-carboxy-2-ethynylphenyl)propane, 2,2-bis 
(3-carboxy 4-ethynylphcnyl)propane, 2,2-bis(3-carboxy-5-ethynylphenyi)propane, 2,2-bis(3-carboxy-6-ethynylphe- 

25 nyi)propane, 2,2-bis(4-carboxy-2-ethynylphenyl)propane, 2,2-bis(4-carboxy-3-ethyny(phenyl)-propane, 2,2-bis(2-car- 
boxy-4-ethynylpfienyi)hexafluoropropane, 2,2-bis(3-catboxy-5-ethynylphenyl)hexafluoropropane, 2,2-bIs(4-carboxy- 
2-ethynylphenyl)hexafluoropropane,2,2-bis(4-carboxy-2-ethynylphenyl)-hexafluoropropane,4-ethynyl-1,3-d!carboxy- 
cyclopropane, 5-ethynyl-2,2-diearboxycyclopropane, structural Isomers of 1,3-bis(4-carboxyphenoxy)-5-ethynylben- 
zene, structural isomers of 1,3-bis(4-carboxyphenyl)-5-ethynylbenzene, 5-{3-ethyny!phenoxy)isophthalic acid, 

30 5-(1-e!hynytphenoxy)isophthalic acid, 5-(2-ethynylphenoxy)isophthalic acid, 2-{1-ethynyIphenoxy)terephthalic acid, 
2-(2-ethynyiphenoxy)terephthalic acid, 2-(3-ethynylphenoxy)terephthalic acid, 5-(1 -ethynylphenyl)-isophthalic acid, 

5- (2-ethynylphenyl)isophthalic acid, 5-(3-ethynylpheny!)-lsophthalic acid, 2-(1-ethynylphenyl)terephthallc acid, 
2-(2-ethynylphenyl)terephthallc acid and 2-(3-ethynylphenyl)terephtha!ic acid. However the dicarboxyllc acid Is not 
limited to the compounds described as the examples. The above compound may be used singly or in combination of 

35 two or more. The above compounds may be used in combination with two or more bisaminophenoi compounds. 

[001 6] Examples of the dicarboxylic acid having a divalent group selected from the groups represented by formulae 
(C), which is used in the present invention, include 3-pheny!ethynylphthaiic acid, 4-phenyiethynylphthal!c acid, 2-phe- 
nyiethynyiisophthalic acid, 4-phenylethynylisophthalic acid, 5-phenylethynylisophthalIc acid, 2-phenylethynyltereph- 
thalic acid, 3-phenylethynylterephthallc add, 2-phenylethynyl-1 ,5-naphthaienedicarboxylic acid, 3-phenyiethynyl- 

40 1,5-naphthalenedicarboxylic acid, 4-phenylethynyl-1 ,5-naphthaienedicarboxylic acid, 1-phenylethynyl-2,6-naphtha- 
fenedicarboxylic acid, 3-phenylethynyl-2,6-naphthalenedicarboxylic acid, 4-phenylethynyl-2,6-naphthalened!carboxy- 
lic acid, 2-pheny(ethynyI-1 ,6-naphthaienedicarboxylic acid, 3-phenyiethynyl-1 ,6-naphthalenedicarboxylic acid, 4-phe- 
nyfethynyl-1,6-naphthalenedicarboxyllc acid, 5-phenylethynyt-1,6-naphthalenedicarboxyllc acid, 7-phenylethynyl- 

1 .6- naphthalenedicarboxylic acid, 8-phenyIethynyH ,6-naphthalenedicarboxylic acid, 3,3'-diphenylethynyl-2,2'-biphe- 
45 nyldicarboxylic acid, 4,4'-diphenylethynyl-2,2'-biphenyldicarboxylic acid, 5,5'-dlphenylethynyI-2,2'-biphenyldlcarboxyl- 

ic acid, 6,6'-diphenylethynyl-2,2 1 -biphenyfdicarboxylic acid, 2,2'-dipheny!etrtynyl-3 ( 3'-biphenyldicarboxyllc acid, 4,4"- 
diphenyfethynyl-3,3'-biphenyldicarboxylic acid, 5,5'-dlphenylethynyl-3,3'-biphenyldicarboxylic acid, 6,6'-diphenylethy- 
nyl-3,3'-biphenyldicarboxyiic acid, 2,2'-diphenylethynyl-4,4'-biphenyldicarboxyiic acid, 3,3'-diphenylethynyi-4,4'-biphe- 
rtyldicarboxylic acid, 2,2-bis(2-carboxy-3-phanylethynylphenyl)propane, 2,2-bis<2-carboxy-4-phenyfethynylph9nyi) 

so propane, 2,2-bis(2-carboxy-S-phenyiethynylphenyl)propane, 2,2-bis(2-carboxy-6-phenylethynylphenyl)prQpane, 
2,2-bis(3-carboxy-2-phenylethynylphenyl)propane,2,2-bis(3-carboxy-4-phenylethynylphenyl)-propane, 2,2-bis(3-car~ 
boxy-5-phenyfethynylphenyl)propane, 2,2-bis(3-carboxy-6-phenyiethynylphenyl)propane, 2,2-bis(4-carboxy-2-phe- 
nylethynylphenyQpropane, 2,2-bis(4-carboxy-3-pheny(ethynyIphenyl)propane,2,2-bis(2-carboxy-4-phenyiethynylphe- 
nyl)hexafluoropropane, 2,2-bis(3-carboxy-5-phenyfethynyIphenyl)hexafluoropropane, 2,2-bis(4-carboxy-2-phe- 

55 nylethynyiphenyl)hexafluoropropane, 4-phenyl-ethynyl-1 ,3-dicarboxycyc!opropane, 5-phenylethynyl-2.2-dicarboxycy- 
clopropane, structural isomers of 1 ,3-bis(4-carboxyphenoxy)-5-pheny!ethynylbenzene, structural isomers of 1 ,3-bts 
(4-carboxyphenyl)-5-phenylethynylbenzene, 5-(1 -phenyiethynylphenoxy)fsophthaiic acid, 5-<2-phenytethynylphe- 
noxy)-isophthaiic acid, 5-{3-phenylethynylphenoxy}isophthaiic acid, 2-{1-phenylethynylphenoxy)terephthalic acid, 
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2-{2-phenylethynylphenoxy)-terephthaiic acid, 2-(3-phenyiethynylphenoxy)terephthalic acid, 5-{1-phenyiethynylphe- 
nyl)isophthalic acid, 5-(2-phenylethynylphenyt)-isophthalic acid, 5-(3-phenylethynylphenyi)isophthalicacid, 2-(1-phe- 
nylethynyiphenyl)terephthalic acid, 2-{2-phenylethynylphenyl)-terephthaiic acid and 2-(3-phenylethynylphenyl)tereph- 
thalic acid. 

[0017] Example of the dicarboxylic acid having blphenylethynyi group used in the present invention, which is the 
dicarboxylic acid having a group selected from the groups represented by formulae (C) in which R represents biphenyl 
group among the monovalent groups represented by formulae (H), include 3-biphenylelhynylphthallc acid, 4-biphe- 
nylethynyiphthalic acid, 2-biphenylethynyiisophthalic acid, 4-biphenylethynyllsophthalic acid, 5-biphenylsthynyiisoph- 
thalic acid, 2-biphenylethynylterephthailc acid, 3-biphenyIethynylterephthalic acid, 5-biphenylethynytterephthalic acid, 
2-biphenylethynyi-1,5-naphthatertedicarboxylic acid, 3-biphenylethynyl-1,5-naphthalenedicarboxylic acid, 4-biphe- 
nylethynyl-1 ,5-naphtha!enedicarboxy!ic acid, 1-biphenylethyny!-2,6-naphthaIenedicarboxylic acid, 3-biphenylethynyl- 
2,6-naphthalenedicarboxylic acid, 4-biphenylethynyl-2,6-naprrthalenedicarboxylic acid, 2-biphenylethynyl-1 ,6-naph- 
thalenedicarboxyiic acid, 3-biphenylethynyi-1 ,6-naphthalsriedicarboxylic acid, 4-biphenylethynyl-1 ,6-naphthalenedi- 
carboxylic acid, 5-biphenyiethynyl-1,6-naphthalenedicarboxyllc acid, 7-biphenylethynyl-l,6-naphthalenedicarboxylic 
acid, 8-biphenylethynyl-1,6-naphthalenedicarboxylic acid, 3,3'-dibiphenylethynyl-2 ( 2'-biphenyldicarboxylic acid, 4,4'- 
dibiphenylethynyl-2,2'-biphenyldicarboxyfic acid, 5,5'-dibiphenylethynyl-2,2'-biphenyidicarboxylic acid, 6,6'-dibiphe- 
nylethyny!-2,2'-biphenyldicarboxylic acid, 2,2'-dlbipheny lethynyl-3,3'-biprienytdicarboxyiic acid, 4,4'-dibiphenylethynyl- 
3,3'-biphenyidicarboxylic acid, 5,5'-dibiphenylethynyl-3,3'-biphenyldicarboxylic acid, 6,6'-dlbiphenylethynyl-3,3'-biphe- 
nyldicarboxylic acid, 2,2'-dibiphenylethynyl-4,4'-biphenyldicarboxylic acid, 3,3'-dibiphenylethynyl-4,4'-biphenyldicarbo- 
xylic acid, 2,2-bis(2-carboxy-3-biphenyiethynylphenyi)propane, 2,2-bis(2-carboxy-4-biphenylethynylphenyl)propane, 
2,2-bis(2-carboxy-5-biphenylethynylphenyl)propane, 2,2-bis(2-carboxy-6-biphenylethynylphenyl)propane, 2,2-bis 
(3-carboxy-2-biphenyiethynyiphenyl)propane, 2,2-bis(3-carboxy-4-biphenylethynyiphenyl)propane, 2,2-bis(3-car- 
boxy-5-biphenyiethynylphenyl)propane, 2,2-bis(3-carboxy-6-biphenylethynylphenyl)propane, 2,2-bis(4-carboxy-2-bi- 
phenylethynylphenyl)propane, . 2,2-bis(4-carboxy-3-biphenylethynylphenyl)propane, 2,2-bis(2-carboxy-4-biphe- 
nylethynylphenyl)hexafiuoropropane, 2,2-bis(3-carboxy-5-biphenylethynylphenyt)hexafluoropropane 1 2,2-bis(4-car- 
boxy-2-biphenylethynylphenyl)hexafiuoropropane, 4-biphenylethynyi-1,3-dicarboxycyclopropane, 5-biphenylethynyi- 

2.2- dicarboxycyclopropane, structural isomers of 1 ,3-bis(4-catboxyphenoxy)-5-biphenytethynylbenzene, structural 
isomers of 1,3-bis(4-carboxyphenyi)-5-biphenyiethynylbenzene,5-{3-biphenylethyny!phenoxy)isophthaiieacid,5-(1-bi- 
phenylethynylphenoxy)isophthalic acid, o"-(2-biphenylethynylphenoxy)isophthalic acid, 2-{1-biprtenylethynylphenoxy) 
terephthalic acid, 2-{2-bipheny!ethynylphenoxy)terephthalic acid, 2-(3-biphenylethynylphenoxy)terephtha!ic acid, 
5-{1-biphenyiethynylpheny!)isophthalic acid, 5-(2-biphenyiethynylphenyl)isophthaiic acid, 5-(3-biphenyiethynylpheny!) 
isophthaiic acid, 2-(1-biphenylethynylphenyi)-terephthalic acid, 2-(2-biphenylethynylphenyl)terephthalse acid and 
2-(3-blpheny lethynylphenyl)terephthal!c acid. However, the dicarboxylic acid Is not limited to the compounds described 
as the examples. The above compounds may be used singly or in combination of two or more. The above compounds 
may be used in combination with two or more bisaminophenol compounds. 

[0018] Examples of the dicarboxylic acid having a group selected from the groups represented by formulae (C) in 
which R represents an alkyl group Include 3-hexyny!phthalic acid, 4-hexynylphthailc acid, 2-hexynyI'rsophthalic acid, 
4-hexynylisophthalic acid, 5-hexynylisophthalicacid, 2-hexynylterephthaiic acid, 3-hexynylterephthaiic acid, 2-hexynyl- 
1 ,5-naphthaienedicarboxylio acid, 3-hexynyl-1 ,5-naphthalenedicarboxyiic acid, 4-hexynyl-1 ,5-naphthalenedicarboxy- 
Ito acid, 1-hexynyl-2,6-naphthalenedicarboxylic acid, 3-hexynyl-2,6-naphthalenedicarboxyiicacid,4-hexynyl-2,6-naph- 
thalenedicarboxylic acid, 2-hexynyi-1 ,6-naphthaienedicarboxylic acid, 3-hexynyl-1,6-naphthalenedicarboxylic acid, 

4- hexynyl-1,6-naphthalenedicarboxylic acid, 5-hexynyl-1,6-naphthalenedicarboxyltc acid, 7-hexynyl-1 ,6-naphthaien- 
edicarboxylic acid, 8-hexynyl-1.8-naphthalenedicarboxylic acid, 3,3'-dihexynyl-2,2'-biphenyidicarboxylic acid, 4,4'-di- 
hexynyl-2,2'-biphenyidicarboxyllc acid, 5 ; 5'-dihexyny!-2,2-biphenyidicarboxyiic acid, 6,6'-dihexynyl-2,2'-blprienyidicar- 
boxylic acid, 2,2'-dihexynyi-3,3'-bipheny!dicarboxylic acid, 4,4'-dihexynyl-3,3'-biphenyidicarboxylic acid, 5,5'-dihexy- 
nyl-3,3'-biphenyld!carboxyiic acid, 6,6'-dihexynyl-3,3'-biphenyldicarboxylic acid, 2,2'-dlhexynyi-4,4'-biphenyldicarbox- 
yllc acid, 3,3'-dihexynyl-4,4'-biphenyldicarboxylic acid, 2,2-bis(2-carboxy-3-hexynylphenyI)propane, 2,2-bis(2-car- 
boxy-4-hexynylphenyl)-propane, 2,2-bis(2-carboxy-5-hexynylphenyl)propane, 2,2-bis(2-carboxy-B-hexynyiphenyl) 
propane, 2,2-bis(3-carboxy-2-hexynylphenyl)propane, 2,2-bis(3-carboxy-4-hexynylphenyl)propane, 2,2-bis<3-car- 
boxy-5-hsxynylphenyl)propane.2,2-bis(3-carboxy-6-hexynylphenyl)propane, 2,2-bis(4-carboxy-2-hexynyIphenyl)pro- 
pane, 2,2-bis(4-carboxy-3-hexynylphenyl)-propane, 2,2-bis(2-carboxy-4-hexynylphenyl)hexafluoropropane, 2,2-bis 
(3-carboxy-5-hexynylphenyl)hexafluoropropane, 2,2-bis(4-catboxy-2-hexyny!phenyl)hexafluoropropane, 4-hexyrtyl- 

1 .3- dlcarboxycyclopropane, 5-hexynyl-2,2-dicarboxycyclopropane, structural isomers of 1 ,3-bis(4-carboxyphenoxy)- 

5- hexynylbenzene, structural isomers of 1 ,3-bis(4-carboxyphenyl)-5-hexynyibenzene, S-(3-hexynylphenoxy)isophthal- 
ic acid, 5-(1-hexyny!phenoxy)isophthalicacid, 5-(2-hexynyiphenoxy)isophthaiicacid, 2-(1-hexynylphenoxy)terephthal- 
ic acid, 2-(2-hexynylphenoxy)-terephthalic acid, 2-(3-hexynylphenoxy)terephthaiic acid, 5-(1-hexynylphenyl)isophthal- 
ic acid, 5-{2-hexynyipheny!)isophthalic acid, 5-(3-hexynylphenyl)isophthalic acid, 2-( 1 -hexynylphenyl)terephthalicacid, 
2-(2-hexynylphenyi)terephthalic acid and 2-(3-hexynylphenyl)terephthalic acid. However, the dicarboxylic acid is not 
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limited to the compounds described as the examples. The above compounds may be used singly or in combination of 
two or more. The above compounds may be. used in combination with two or more bisaminophenol compounds. 
[0019] Examples of the dicarboxyiic acid having the biphenylene skeleton structure used in the present invention, 
which is the compound having a divalent group selected from the groups represented by formulae (D), include 1 ,2-bi- 
phenylenedicarboxyllc acid, 1,3-blphenylenedlcarboxylic acid, 1 ,4-biphenylenedlcarboxyllc acid, 1 ,5-biphenylenedl- 
carboxylic acid, t ,6-biphenylenedicarboxylic acid, 1 ,7-biphenyienedlcarboxylic acid, 1 ,8-biphenylenedicarboxylic acid, 
2,3-biphenylenedicarboxyllc acid, 2,6-biphenylenedicarboxylic acid and 2,7-biphenyienedicarboxyllc acid. From the 
standpoint of the properties of the obtained coating film, 2,6-biphenyienedicarboxylic acid and 2,7-biphenyienedicar- 
boxylic acid are preferable. The above compounds may be used singly or in combination of two or more. 
[0020] Examples of the dicarboxyiic aoid having a divalent group represented by formula (E), which Is used In Ihe 
present invention, include 4,4'-tolandicarboxyiie acid, 3,4'-talandlcarboxyllcacid, 3,3'-tolandicarboxylic acid, 2,4'-tolan- 
dlcarboxyllc acid, 2,3'-toiandicarboxyiic acid and 2,2'-tolandlcarboxylic acid. The above compounds may be usedsingly 
or in combination of two or more. 

[0021] Examples of the dicarboxyiic acid having a divalent group selected from the groups represented by formulae 
(F), which is used in the present invention, include isophthalic acid, terephthatic acid, 4,4'-biphenyldicarboxylic acid, 
3,4'-biphenyldicarboxylic acid, 3,3'-biphenyldicarboxyl!c acid, 1 ,4-naphthalenedicarboxyllc acid, 2,3-naphtha!enedlcar~ 
boxylic acid, 2,6-naphthalenedicarboxyiic acid, 4,4'-sulfonylbisbenzoic acid, 3,4'-sulfonylbisbenzoic acid, 3,3'-suifonyl- 
bisbenzoic acid, 4,4' oxybisbenzoic acid, 3,4'-oxybisbenzoic acid, 3,3'-oxybisbenzoic acid, 2,2-bis(4-carboxyphenyl) 
propane, 2,2-bis(3-carboxyphenyt)propane, 2,2-bis(4-carboxyphenyl)hexafluoropropane, 2,2-bis(3-carboxyphenyl)- 
hexafluoropropane, 2,2'-dimethyl-4,4'-biphenyldicarboxylic acid, 3,3'-dimethyi-4,4'-blphenyldicarboxylic acid, 2.2'- 
dlmethyi-3,3'-biphenyldtcarboxylic acid, 2,2'-bis(trifluoromethyl)-4,4'-biphenyldicarboxylic acid, 3,3'-bis(trifluorome- 
thylH^'-blphenyldicarboxyllc acid, 2,2'-bis(trifluoromethyl)-3,3'-biphenyldicarboxyiic acid, 9,9-bis(4-(4-carboxyphe- 
noxy)phenyt)fluorene, 9,9-bis(4-(3-carboxyphenoxy)phenyl)fluorene, 4,4'-bls(4-carboxyphenoxy)biphenyl, 4,4' -bis 
(3-carboxyphenoxy)biphenyl, 3,4'-bis(4-carboxyphenoxy)biphenyl, 3,4'-bis(3-catboxyphenoxy)biphenyi, 3,3'-bis 
(4-carboxyphenoxy)biphenyi, 3,3'-bis(3-cait)oxyphenoxy)biphenyl, 4,4'-bis(4-carboxyphenoxy)-p-terphenyl, 4,4'-bis 
(4-carboxyphenoxy)-m-terphenyl, 3,4'-bis(4-carboxyphenoxy)-p-terphenyl, 3,3'-bis(4-carboxyphenoxy)-p-terphenyl, 
3,4'-bis(4-carboxyphenoxy)-m-terphenyl, 3,3'-bis(4-carboxyphenoxy)-m-terphenyl, 4j4'-bis(3-carboxyphenoxy)-p-ter- 
phenyl, 4,4'-bis(3-carboxyphenoxy)-m-terphenyi. 3,4'-bis(3-carboxyphenoxy)-p-terphenyl, 3,3'-bis(3-carboxyphe- 
noxy)-p-terphenyl, 3,4'-bis(3-carboxyphenoxy)-m-terphenyl, 3,3 , -bis(3-carboxyphenoxy)-m-terphenyl, 3-fluoroisoph- 
thalic acid, 2-f!uoroisophthalic acid, 2-fluoroterephthaiic acid, 2,4,5,6-tetrafluoroisophthalIcacid, 2,3,5,6-tetrafluoroter- 
ephthaiic acid, 5-trifiuoromethylisophthallc acid, 9,9-bis(2-carboxyphenyl)fluorene, 9,9-bis(3-carboxyphenyl)fluorene, 
9,9-bis(4-carboxyphenyl)fluorene, bis((2-carboxy-3-phenyl)phenyl)fluorene, bis((4-carboxy-3-phenyl)phenyl)fluorene, 
bis((5-carboxy-3-phenyl)phenyl)-fluorene, bis((6-carboxy-3-phenyl)phenyl)fluorene, 9,9-bis(4-(2-carboxyphenoxy) 
phenyljfluorene, 9,9-bls(4-(3-carboxyphenoxy)phenyi)-fluorene, 9,9-bis(4-(4-carboxyphenoxy)phenyl)fluorene, 
9,9-bis((4-(2-carboxyphenoxy)-3-phenyl)phenyl)fluorene, 9,9-bis«4-(3-carboxyphenoxy)-3-phenyl)phenyl)fluorene 
and 9,9-bis((4-(4-carboxyphenoxy)-3-phenyl)-phenyl)fluorene. The above compounds may be used singly or in com- 
bination of two or more. 

[0022] The hydrogen atoms on the benzene ring In the groups represented by general formulae (A), (B), (C), (D), 
(E), (F) and (G) may be substituted with at least one atom or group selected from alky! groups having 1 to 4 carbon 
atoms, fluorine atom and trifluoromethyl group. Examples of the alkyl group having 1 to 4 carbon atoms include methyl 
group, ethyl group, propyl group, isopropyl group, butyl group, isobutyl group and t-butyi group. 
[0023] In the present invention, m and n In general formula [1 ] representing the polyamide represent the number of 
the repeating unit having the crosslinking skeleton structure and the number of the repeating unit having no crosslinklng 
skeleton structure, receptively. The Integers represented by m and n satisfy the following relations: m>0, n SO, 
2Sm+nS1 ,000 and 0.05Sm/(m+n)al . It is preferable that the sum of m and n is 5 or greater and 100 or smaller. When 
the sum of m and n is smaller than 2, the property for forming a film deteriorates and the mechanical strength of the 
resin film becomes insufficient. When the sum of m and n is greater than 1000, solubility of the polyamide in solvents 
decreases. Even when the polyamide is dissolved in asoivent, a viscous varnish is formed and not suitable for practical 
use. It ts essential that the integers represented by m and rt satisfy the relation: 0.053m/(m+n)3 1 . It Is preferable that 
the integers represented by m and n satisfy the relation: 0.5Sm/(m+n)§l. The relation expressed by 0.05>m/(m+n) 
means that the number of the repeating unit having the crosslinking skeleton structure is small and the heat resistance 
is not improved since the number of the portion for crosslinking is small. Such a relation is not preferable since the fine 
pores cannot be maintained or uneven fine pores are formed. 

[0024] In the structure represented by general formula [1], the repeating units may be arranged in a block arrange- 
ment or In a random arrangement. The structure having the repeating units arranged in a block arrangement can be 
produced, for example, in accordance with the following acid chloride process. A bisaminophenol compound having a 
tetravatent group selected from the groups represented by formulae (A) and a chloride of a dicarboxyiic acid having a 
divalent group selected from the groups represented by formulae (F) are reacted in advance and the molecular weight 
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Is raised, "men, the bisaminophenol compound having a tetravalent group selected from the groups represented by 
formulae (A) and a chloride of a dicarboxylic acid having a structure contributing to crosslinking which is selected from 
the divalent groups represented by formulae (B), (C), (D) and(E) are reacted. 

[0025] The order in the above reactions may be reversed. A bisaminophenol compound having a tetravalent group 

s selected from the groups represented by formulae (A) and a chloride of a dicarboxylic acid having a structure contrib- 
uting to crosslinking which is selected from the divalent groups represented by formulae (B), (C), (D) and (E) may be 
reacted in advance and the molecular weight is raised. Then, the bisaminophenol compound having a tetravalent group 
selected from the groups represented by formulae (A) and a chloride of a dicarboxyiic acid having a divalent group 
selected from the groups represented by formulae (F) may be reacted. 

10 [00261 The structure having the repeating units arranged in a random arrangement can be produced by simultane- 
ously reacting a bisaminophenol compound having a totravaient group selected from the groups represented by for- 
mulae (A), a chloride of a dicarboxylic acid having a structure contributing to crosslinking which is selected from the 
divalent groups represented by formulae (B), (C), (D) and (E) and a chloride of a dicarboxylic acid having a divalent 
group selected from the groups represented by formulae (F), 

is [0027] The reactive oligomer used for the reaction with the polyamide in the present invention has in the structure 
thereof a reactive substituent which can react with carboxyl group, amino group or hydroxyl group in the polyamide 
structure. It is essential that the oligomer has carboxyl group, amino group or hydroxy! group as the reactivesubstituent. 
it is also necessary that the oligomer be decomposed at a temperature lower than the heat decomposition temperature 
of the polyamide and the products of the decomposition be vaporized. 

20 [0028] Examples of the reactive oligomer include poiyoxyalkylenes such as polyoxymethylene, polyoxyethyiene, 
polyoxymethylene-oxyethylene copolymers, poiyoxymethylene-oxypropylene copolymers, polyoxyethyiene-oxypro- 
pylene copolymers and polytetrahydrofuran, polymethyl methacrylate, polyurethanes, poiy-a-methyfstyrene, polysty- 
rene, polyesters, polyether esters and poiycaprolactone, The reactive oligomer may be used singly or In combination 
of two or more. 

[0029] As the reactive oligomer, oligomers having reactive substituents introduced into side chains or one or both 
ends of the main chain can also be used. Reactive oligomers modified at the ends of the main chain are industrially 
easily available. Specific examples of such an oligomer include styrene oligomers modified with 4-aminobenzoic acid 
ester group at the chain end, poty( propylene glycol) oligomers modified with 4-aminobenzoic acid ester group at the 
chain end, polyethylene glyco!)-block-poly(propylene giycol)-block-(poiyethylene glycol) modified with hydroxyl group 
so at both chain ends and polypropylene glycoi)bis(2-eminopropyl ether), 

[0030] It is preferable that the reactive oligomer has a number-average molecular weight in the range of 100 to 
40,000, more preferably in the range of 100 to 20,000 and most preferably in the range of 100 to 10,000. When Ihe 
number-average molecular weight is smaller than 1 00, pores formed after decomposition and vaporization of the co- 
polymer are small and tend to collapse and it Is difficult that a decreased permittivity is exhibited. When the number- 
as average molecular weight exceeds 40,000, pores are exceedingly large and there is the possibility that the insulating 
film cannot be used practically due to extreme deterioration in the mechanical properties of the insulating film. 
[0031] In the present Invention, It is preferable that the amount of the unit of the above reactive oligomer introduced 
into the copolymer is in the range of 5 to 70% by weight, more preferably in the range of 5 to 50% by weight and most 
preferably in the range of 5 to 40% by weight. When the amount of the introduced reactive oligomer is smaller than 
*o 5% by weight, the fraction of pores in the insulating film is small and insufficient for decreasing the permittivity. When 
the amount of the introduced reactive oligomer exceeds 70% by weight, the fraction of pores in the insulating film is 
great and problems arise in that the mechanical properties of the film extremely deteriorate and that pores are formed 
continuously and unevenly and the permittivity is different from portion to portion. 

[0032] Therefore, when the polyamide and the reactive oligomer are reacted with each other, it is important that the 
45 amounts of the components are adjusted so that the amount of the unit of the reactive oligomer in the obtained copol- 
ymer is within the above range. 

[0033] In the present invention, examples of the process forproducing the copolymer include conventional processes 
such as the acid chloride process, the activated ester process and the condensation in the presence of an agent for 
condensation with dehydration such as polyphosphoric acid and dicyfohexylcarbodlimide. For example, when the co- 

$0 polymer is prepared in accordance with the acid chloride process, dicarboxylic acid and thionyl chloride in an excess 
amount are reacted at a temperature in the range of the room temperature to about 130°C In the presence of a solvent 
such as N,N-dimethylformamide. After the remaining amount of thionyl chloride Is removed by heating under a reduced 
pressure, the residue is recrystailized from a solvent such as hexane and a dicarboxylic acid chloride is prepared. 
[0034] When the dicarboxylic acid chioride thus prepared Is used in combination with another dicarboxylic acid de- 

55 scribed above, the prepared dicarboxylic acid chloride and the chloride of the other dicarboxylic acids are dissolved, 
in general, into a poiar solvent such as N-methyl-2-pyrrolidone and N,N-dimethylacetamide in combination with a 
bisaminophenol compound. The reaction is allowed to proceed in the prepared mixture at a temperature in the range 
of the room temperature to about -30°C in the presence of an acid acceptor such as pyridine and triethylamine and 
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the polyamide is synthesized. To the synthesized polyamide, a solution prepared in advance by dissolving the reactive 
oligomer into a solvent such as y-butyrolactone is added and the reaction is allowed to proceed. The reaction liquid is 
added, for example, into a mixed solvent of water and isopropyl alcohol. After recovering and drying the formed pre- 
cipitates, a copolymer fotmed by the reaction of the polyamide and the reactive oligomer can be obtained. It is also 
s possible that a copolymer Is obtained by reacting the acid chloride, the bisaminophenol compound and the reactive 
oligomer simultaneously in a polar solvent. 

[0035] The ratio of the amounts by mole of the dlcarboxylic acid chloride to the bisaminophenol compound used for 
the reaction affects the molecular weight of the obtained copolymer and is also important for controlling the chain end 
structure of the polyamide. The chain ends of the polyamide must have a structure reactive with the reactive group of 

10 the reactive oligomer in orderto copolymerized the polyamide with the reactive oligomer. When the ratio of the amounts 
by mole of the dlcarboxylic acid chloride to the bisaminophenol compound is smaller than 1 , the obtained polyamide 
has amino group and hydroxyl group at the chain ends and can be copolymerized with the oligomer having carboxyl 
group. When the ratio of the amounts by mole of the dlcarboxylic acid chloride to the bisaminophenol compound ex- 
ceeds 1 , tho obtained polyamide has carboxyl group at the chain ends and can be copolymerized with the reactive. 

15 oligomer having amino group or hydroxyl group. In this case, it is preferable that the oligomer has amino group having 
a greater nucleophilic reactivity as the reactive group at the chain ends. 

[0036] Hydroxyl group at the chain ends of the oligomer can be converted into amino group, for example, in accord- 
ance with the following process. An oligomer having 4-nitrobenzoic acid ester group at the chain ends can be obtained 
by reacting the reactive oligomer having hydroxyl group at the chain ends with 4-nitrobenzoic acid chloride, in general, 

20 in a solvent such as tetrahydrofuran in the presence of an acid acceptor such as pyridine at a temperature in the range 
of the room temperature to about -30°C. The obtained oligomer having 4-nitrobenzoic acid ester group at the chain 
ends is dissolved in a solvent such as tetrahydrofuran and allowed to react in an atmosphere of hydrogen gas in the 
presence of a reducing catalyst such as palladium carbon. After the catalyst is removed from the reaction liquid, the 
liquid Is concentrated and the solvent is removed. The obtained oligomer having 4-nitrobenzoic acid ester group at the 

25 chain ends can be used as the oligomer having amino group at the chain ends, it is also possible that a reactive 
oligomer having carboxyl group or isocyanate group is reacted with hydroxy! group in the structure of the main chain 
of the unit of the polyamide and a graft copolymer is synthesized. The reactive oligomer is not particularly limited as 
long as the reactive oligomer can react with hydroxyl group. 

[0037] The material for an insulating film of the present invention may also comprise various other additives . Exam- 
30 pies of the additive include surfactants, coupling agents such as siiane coupling agents, radical initiators generating 
oxygen radical or sulfur radical by heating and catalysts such as disulfides, 

[0038] When the polyamide in the present invention is represented by general formula [1 ] in which at least one of 
the groups represented by R 1 and R 2 orthe groups represented by R 3 and R 4 is hydrogen, the polyamide can be used 
for a photosensitive resin composition of the positive type In combination with a naphthoqulnonediazlde compound as 
35 the photosensitizes When the polyamide is represented-by general formula [1] in which at least one of the groups 
represented by R 1 and R 2 or the groups represented by R 3 and R 4 is a photo-crosslinking group such as methacryloyl 
group, the polyamide can be used for a photosensitive resin composition of the negative type ih combination with a 
photoinitiator. 

[0039] As the application of the materia! for an insulating film of the present Invention, the material can be dissolved 
40 or uniformly dispersed in a suitable organic solvent and used as a coating varnish. For example, the material for an 
insulating film is dissolved or uniformly dispersed in an organic solvent and glass, fiber, metal, a silicon wafer or a 
ceramic substrate is coated with the prepared solution or dispersion. Examples of the process for the coating include 
the dipping process, the screen printing process, the spraying process, the spin coating process and the roll coating 
process. After the coating, the solvent is vaporized by heating and the coating film is dried. A tack-free coating film can 
45 thus be obtained. It is preferable that the coating film is then subjected to a heat treatment so that the material is 
converted into a crosslinked material of a polybenzoxazole resin. The material for an insulating film can also be used 
as a polybenzoxazole resin soluble in solvents by suitably selecting the dicarboxylic acid component, the bisaminophe- 
nol component and the reactive oligomer component. 

[0040] As the solventfor dissolving or dispersing the material for an insulating film of the present invention, a solvent 
so in which solid components are completely dissolved is preferable. Examples of the solvent include N-methyl-2-pyrro- 
lidone, -f-butyrolactone, N,N-dimethy!acetamide, dimethylsulfoxide, diethylene glycol dimethyl ether, diethyiene glycol 
diethyl ether, diethyiene glycol dibutyi ether, propylene glycol monomethyl ether, dipropyiene glycol monomethy! ether, 
propylene glycol monomethyl ether acetate, methyl lactate, ethyl lactate, butyl lactate, methyl-1 ,3-butylene glycol ac- 
etate, 1,3-butylene glycol 3-monomethyl ether, methyl pyruvate, ethyl pyruvate, methyl 3-methoxypropionate, methyl 
55 ethyl ketone, methyl isobutyl ketone, cyclopentanone, cyclohexanone and tetrahydrofuran. The above solvents may 
be used singly or in combination of two or more. 

[0041] The amount of the solvent for preparing the coating varnish is not particularly limited as long as the material 
for an insulating film can be completely dissolved and can be suitably selected in accordance with the application. In 
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general, it is preferable that the amount of the solvent in the varnish is about 70 to 95% by weight. 
[0042] When the coating film comprising the material for an insulating film of the present invention obtained as de- 
scribed above is treated by heating, in general, at a temperature in the range of 80 to 200°C for removing the solvent 
and then at a temperature of about 200 to 500°C. cyclization by condensation and crossllnking take place and the 

5 polyamlde unit in the material for an insulating film Is converted Into a polybenzoxazole resin. The unit of the reactive 
oligomer in the material for an insulating film is decomposed by heating and the products of the decomposition are 
vaporized. Thus, line pores are formed in the layer of the resin comprising polybenzoxazole as the main structure and 
•the insuiatingf ilm of the present invention can be obtained as a porous insulating film. The heat history in the production 
of the insulating film is important for forming the fine pores. 

10 [0043] In the insulating film of the present invention which comprises a layer comprising polybenzoxazole as the 
main structure and has fine pores, the diameters of the fino pores are, in general, 1 um or smaller, preferably 500 nm 
or smaller and more preferably 100 nm or smaller although the diameters are varied depending on the application of 
the insulating film and the thickness of the film. When the insulating film is used for an insulating interlayer film for 
semiconductors, it is preferable that the diameters of the fine pores are 20 nm or smaller and more preferably 5 nm or 

15 smaller. 

[0044] When the diameters of the pores are larger than 20 nm in the insulating interlayer film for semiconductors, 
the pores are distributed unevenly in the insulating film used as a layer between wiring layers. and uniform electrical 
properties are not exhibited. Otherproblems take place, for example, in that mechanical strength of the film is decreased 
and that the adhesion is adversely affected. However, the optimum thickness of the film and the optimum diameters 
so of the pores are selected in accordance with the application of the film and it is not always necessary that the diameters 
of the pores be 5 nm or smaller. 

[0045] It is preferable that the fraction of pores in the insulating film is 5 to 70%, more preferably 5 to 50% and most 
preferably 5 to 40%. When the fraction of pores is smaller than 5%, it is difficult that a sufficiently decreased permittivity 
is exhibited. When the fraction of pores exceeds 70%, there Is the possibility that mechanical strength of the film 
2s decreases and adhesion is adversely affected. 

[0046] The thickness of the insulating film of the present Invention is different depending on the object of the appli- 
cation. The thickness is, in genera!, in the range of 0.1 to 100 [im, preferably in the range of 0.1 to 50 p,m and more 
preferably in the range of 0.1 to 20 ftm. 

[0047] The material for an insulating fiim and the insulating film of the present invention can be used for insulating 
30 interlayer films and surface protective films in semiconductors, insulating interlayer films of multi-layer circuits, cover 
coats of flexible copper clad laminates, solder resist films and liquid crystal-aligning films. 

[0048] When the insulating fiim of the present invention is used for an insulating interlayer film for a multi-layer wiring 
of a semiconductor device, a semiconductor substrate Is coated with an adhesive coating material for improving the 
adhesive property. Examples of the coating process include the spin coating process using a spinner, the spray coating 
35 process using a spray coater, the dipping process, the printing process and the roll coating process. An adhesive 
coating film is formed by prebaking the formed coating fiim at a temperature of the boiling point of the solvent or higher 
so that the organic solvent is vaporized and the film is dried. 

[0049] The adhesive coating Sim formed above is then coated with a solution ot the material for an insulating film of 
the present invention and a laminated film is formed. The obtained coating film is prebaked in the above condition so 
40 that the organic solvent is vaporized and the film is dried. The dried film is then treated by heating and the insulating 
interlayer film can be formed as the resin film having fine pores. 

[0050] A surface protective film can be obtained by forming a resin film in a manner similar to that described above. 
[0051] To summarize the advantages of the present Invention, the Insulating film obtained from the material for an 
insulating film and the coating varnish of the present invention can exhibit excellent thermal properties, electrical prop- 
45 erties and water absorption. The insulation film has, in particular, very low permittivity and is advantageously used for 
insulating interlayerf ilms andsurface protective films in semiconductors, insulating interlayerfilms of multi-layercircults, 
cover coats of flexible copper clad laminates, solder resist films and liquid crystal-aligning films. 

EXAMPLES 

so 

[0052] The present invention will be described more specifically with reference to examples in the following. However, 
the present invention is not limited to the examples. 

[0053] The specific permittivity, the heat resistance, the glass transition temperature and the water absorption of 
films prepared in Examples and Comparative Examples were measured in accordance with the following methods and 
55 sections of the films were observed. 
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(1) Specific permittivity 

[0054] The specific permittivity was measured in accordance with the method of Japanese Industrial Standard K6911 
using HP^284A PRECISION LCR METER manufactured by HEWLETT PACKARD Company at a frequency of 100 



(2) -Heat resistance 



[0055] The thermogravimetric analysis of a film was conducted using an Instrument TG/DTA6200 manufactured by 
SEIKO INSTRUMENTS Co., Ltd, under a flow of the nitrogen gas at 200 mi/minute while the temperature was raised 
at a rate of 10°C/mfrtute..The temperature at which the decrease in the weight reached 5% was used as the heat 
resistance. 



(3) Glass transition temperature 

[0056] The thermomechanical property of a film was measured by an instrument DMS81 00 manufactured by SEIKO 
INSTRUMENTS Co., Ltd. undera flow of the nitrogen gas at 300 ml/minute under dynamic deformation of the elongation 
mode at a frequency of 1 Hz while the temperature was raised at a rate of 3°C/minute. The peak top temperature of 
the loss tangent (tan S) was used as the glass transition temperature. 

(4) Water absorption 



[0057] A test Him of a 5 cm square having a thickness of 1 0 u.m was dipped into pure water at 23°C for 24 hours. 
The change in the weight of the test film was measured and used as the water absorption. 

(5) Observation of the section of a film 

[0058] The presence or absence of fine pores was observed and, when present, the diameters of the pores were 
measured in the section of a film using a transmission electron microscope (TEM). 

Preparation Example 1 



[0059] Styrene in an amount of 1 o g (98 mmole) was dissolved Into 1 00 g of tetrahydrofuran which was dried under 
an atmosphere of dry nitrogen and the resultant solution was cooled to -78°C. To the cooled solution, 0.77 ml of a 1 3 
as mole/liter solution of sec-butyllithium (the solvent: cyciohexane) as the reaction reagent was added and the resultant 
mixture was stirred for 3 hours. Then , 0.044 g (1 .0 mmole) of ethylene oxide was added and the resultant eolution was 
stirred for 3 hours. To the solution, 3 g of methanol was added and then the solution was concentrated to remove the 
solvent. The obtained product was dissolved In 100 g of tetrahydrofuran and the resultant solution was filtered The 
filtrate was dried in vacuo and a styrene oligomer having hydroxy! group at the chain ends and a number-averaqe 
•*° molecular weight of 9,800 was obtained. 

[0060] The obtained oligomer in an amount of 93 g (9.68 mmole) was dissolved into 80 g of tetrahydrofuran which 
was dried under an atmosphere of dry nitrogen. To the resultant solution, 1 . 15 g (14.S2 mmole) of pyridine was added 
dropwise. Then, a solution obtained by dissolving 2.63 g (14.52 mmole) of 4-nitrobenzoic acid chloride into 20 g of 
tetrahydrofuran was added at 5»C over 30 minutes. After the addition was completed, the temperature of the solution 
was raised to the room temperature and the solution was stirred at the room temperature for 24 hours The reaction 
product was filtered and pyridine hydrochloride was removed. After the filtrate was concentrated to remove the solvent 
4-nitrobenzoic acid ester of the styrene oligomer was obtained; Tho 4-nitrobenzoic acid ester of the styrene oligomer 
was dtssolved into 1 00 g of tetrahydrofuran. To the obtained solution, 0.5 g of a 5% by weight palladium carbon was 
mixed under an atmosphere of hydrogen gas and the resultant mixture was stirred at the room temperature tor 24 
hours. After the reaction liquid was filtered with Cefite and concentrated to remove the solvent, a styrene oligomer 
having 4-aminobenzoic acid ester group at the chain ends was obtained. 

Preparation Example 2 



45 



so 



[0061] In accordance with the same procedures as those conducted in Preparation Example 1 except that 38 72 g 
(9.68 mmole) of polypropylene glycol) monobutyl ether having a number-average molecular weight of 4 000 [manu- 
factured by ALDR1CH Company] was used in place of 93 g (9.68 mmole) of the styrene oligomer having a number- 
average molecular weight of 9,600 used in Preparation Example 1 , a polypropylene glycol) oligomer having 4-ami- 
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nobenzofc acid ester group at the chain ends and a number-average molecular weight of 2,500 was obtained. 
Preparation Example 3 

s [0062] In accordance with the same procedures as those conducted In Preparation Example 1 except that 49.9 g 
(480 mmole) of styrene was used in place of 1 0 g (96 mmole) of slyrene, polystyrene having hydroxy! group at the 
chain ends and a number-average molecular weight of 50,000 was obtained. 

[0063] The obtained polystyrene in an amount of 1 00 g (2 mmole) was dissolved into 1 00 g of tetrahydrofuran which 
was dried under an atmosphere of dry nitrogen. To the resultant solution, 1 .1 5 g (1 4.52 mmole) of pyridine was added 

10 dropwise. Then, a solution obtained by dissolving 2.63 g (14.52 mmole) of 4-nltrobenzolc acid chloride into 20 g of 
tetrahydrofuran was added at 5"C over 30 minutes. Afterthe addition was completed, the temperature of the solution 
was raised to the room temperature and the solution was stirred at the room temperature for 24 hours. The reaction 
product was filtered and pyridine hydrochloride was removed. Afterthe filtrated was concentrated to remove the solvent, 
4-nitrobenzoic acid ester of polystyrene was obtained. The 4-nitrobenzoic acid ester of polystyrene was dissolved into 

« 100 g of tetrahydrofuran. To the obtained solution, 0.5 g of a 5% by weight palladium carbon was mixed under an 
atmosphere of hydrogen gas and the resultant mixture was stirred at the room temperature for 24 hours. After the 
reaction liquid was filtered with Celite and concentrated to remove the solvent, polystyrene having 4-arninobenzoic 
acid ester group at the chain ends was obtained. 

so Preparation Example 4 

Preparation of 5-ethynyiisophthalic acid dichloride 

(1) Synthesis of dimethyl 5-trifluoromethanesulfonyloxyisophtrialate 

25 

[0064] Into a 5 liter four-necked flask equipped with a thermometer, a Dimroth condenser, a tube containing calcium 
chloride and a stirrer, 190,0 g (0.904 mole) of dimethyl 5-hydroxyisophthlate, 3 liters of dehydrated toluene and 214.7 
g (2.718 mole) of dehydrated pyridine were placed and the resultant mixture was cooled to -SO'C while being stirred. 
To the cooled mixture, 51 0.2 g (1 .808 mole) of anhydrous trifluorosuifonic acid was added dropwise slowly and carefully 

so so that the temperature was not raised at -25°C or higher. It took 1 hour before the addition was completed. After the 
addition was completed, the temperature of the reaction mixture was raised to 0°C and the reaction was allowed to 
proceed for 1 hour. The temperature was then raised to the room temperature and the reaction was allowed to proceed 
for 5 hours. The obtained reaction mixture was poured into 4 liters of ice water and the aqueous layer and the organic 
layer were separated. The aqueous layer was treated twice by extraction with 500 ml of toluene and the extracts were 

35 combined with the organic layer. The combined organic solution was washed twice with 3 liters or water and dried with 
100 g of anhydrous magnesium sulfate. Anhydrous magnesium sulfate was removed by filtration and toluene was 
removed by distillation using a rotary evaporator. The resultant product was dried in vacuo and 294.0 g (the yield: 95%) 
of dimethyl 5-trifluoromethanesulfonyloxyisophthaiate was obtained as a light yellow solid. The crude product was 
recrystallized from hexane and white needle crystals were obtained. The crystals were used for the next reaction. 

40 ' 

(2) Synthesis of 4-[3,5-bis(methoxycarbonyl)phenyi]-2-methyl-3-butyn-1-ol 

[0065] Into a 1 liter four-necked flask equipped with a thermometer, a Dimroth condenser, an inlet for the nitrogen 
gas and a stirrer, 125 g (0.365 mole) of dimethyl 5-trifluoromethanesuifonyloxylsophthalate, 1.1 g (0.0419 mole) of 

45 triphenylphosphine, 0.275 g (0.00144 mole) of copper iodide and 33.73 g (0.401 mole) of 3-methyl-1-butyn-3-oi were 
placed and the nitrogen gas was passed through the flask. To the above mixture, 375 ml of dehydrated triethylamlne 
and 200 ml of dehydrated pyridine were added and dissolved by stirring the mixture. After the flow of the nitrogen gas 
was continued for 1 hour, 0.3 g (0.000427 moie) of dichlorobis-(triphenylphosphine)palladium was quickly added and 
the resultant mixture was heated under the ref luxing condition In an oil bath for 1 hour. Then, triethylamine and pyridine 

so were removed by distillation in vacuo and a viscous brown solution was obtained. The solution was poured into 500 
ml of water and the formed solid substances were separated by filtration and washed twice with 500 ml of water, 500 
ml of a hydrochloric acid having a concentration of 5 mole/liter and 500 ml of water. The obtained solid substance was 
dried at 50°C in vacuo and 98.8 g (the yield: 98%) of 4-[3,5-bis(methoxycarbonyl)phenylJ-2-methyi-3-butyn-1-ol was 
obtained. 

55 

(3) Synthesis of dipotassium 5-ethynylisophthalate 

[0066] Into a 5 liter four-necked flask equipped with a thermometer, a Dimroth condenser and a stirrer, 3 liters of n- 
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fautanol and 182 g (2.763 moie) of potassium hydroxide (85%) were placed and potassium hydroxide was dissolved 
into n-butanol by heating underthe refluxing condition. To the resultant solution, 95 g (0.344 mole) of 4-f3,5-bis(meth- 
oxycarbonyl)-phenyll-2-methyl-3-butyn-1-ol synthesized above in (2) was added and the resultant mixture was heated 
under the retluxing condition for 30 minutes. The mixture was then cooled in an ice bath. The formed crystals were 
s separated by filtration, washed twice with 1 liter of methanol and dried at 60°C fn vacuo and 88.87 g (the yield: 97%) 
of dipotassium 5-ethynylisophthafate was obtained. 

(4) Synthesis of 5-ethynylisophthalic acid dtchloride 

to [0067] into a 2 liter four-necked flask equipped with a thermometer, a Dimroth condenser and a stirrer, 80 g (0.3 
mole) of dipotassium 5-ethynylisophthalate obtained above in (3) and 400 ml of chloroform were placed and the re- 
sultant mixture was cooled to 0°C. To the cooled mixture, 391 g (4.5 mole) of thionyl chloride was added dropwise at 
a temperature of 5°C or lower over 1 hour. Then, 4 mi of dimethyrformamide and 4 g of hydroquinone were added and 
the resultant mixture was stirred at 45 to 50°C for 3 hours. Afterthe reaction mixture was cooled, crystals were separated 
by filtration and washed with 1 50 ml of chlorofoim. The filtrate and the washing liquid were combined and concentrated 
at a temperature of 40°C or lower. The obtained residue was treated twice by extraction with 200 ml of diethyl ether 
and filtered. Diethyl ether was removed from the extract by distillation in vacuo and a semi-solid crude product was 
obtained. The crude product was then washed with dry n-hexane and recrystallized from diethyl ether and 13 g (the 
yield: 1 9%) of 5-ethynylisophthalic acid dichloride was obtained. 

so [0068] In accordance with the procedures similar to those conducted above, 5-ethynylterephthalic acid dichloride 
and 4-ethynyi-2,6-naphthalenedicarboxylic acid dichloride were prepared. 

Preparation Example 5 

25 Preparation of 5-phenylethynylisophthalic acid dichloride 

(1) Synthesis of 5-bromoisophthalic acid 

[0069] Into a 1 liter four-necked flask equipped with a thermometer, a stirrer and a dropping funnel, 99.18 g (0.55 
30 mole) of 5-aminoisophthalic acid, 1 65 ml of a 48% by weight hydrobromic acid and 1 50 ml of distilled water were placed 
and stirred. After the flask was cooled at a temperature of 5°C or lower, a solution prepared by dissolving 39.4 g (0.S7 
■ mole) of sodium nitrite into 525 ml of distilled water was added dropwise to the solution obtained above over 1 hour 
and an aqueous solution of a dlazonium salt was obtained. Into a 3 liter four-necked flask equipped with a thermometer, 
a Dimroth condenser, a dropping funnel and a stirrer, 94.25 g (0.66 mole) of copper(l) bromide and 45 ml of a 48% by 
35 weight hydrobromic acid were placed and stirred. The flask was cooled at a temperature of 0°G or lower and the 
aqueous solution of a diazonium salt prepared above was added dropwise over 2 hours. Afterthe addition was com- 
pleted, the reaction mixture was stirred at the room temperature for 30 minutes and then heated under the retluxing 
condition for 30 minutes. Afterthe reaction mixture was left standing and cooled, the formed precipitates were separated 
by filtration and washed twice with 2 liters of water. The obtained white solid was dried in vacuo at 50°C for 2 days and 
40 1 1 7 g of a crude product was obtained. The product was used in the following step without purification. 

(2) Synthesis of dimethyl 5-bramoisophthalate 

[0070] Into a 500 ml flask equipped with a stirrer and a Dimroth condenser, 1 1 0 g of 5-bromoisophthalic acid obtained 
45 above in (1), 500 ml of methanol and 10 g of a concentrated sulfuric acid were placed and heated underthe refluxing 
condition for 6 hours. After the resulting mixture was left standing and cooled, the mixture was added dropwise to 1 
liter of distilled water. The obtained solution was neutralized with a 5% by weight aqueous solution of sodium ftydro- 
gencarbonate. The formed precipitates were separated by filtration and washed twice with 2 liters of distilled water. 
The obtained white solid was dried in vacuo at 50°C for 2 days and 10S g (0.4 mole; the yield: 89%) of dimethyl 
SO 5-bromoisophtha(ate was obtained. 

(3) Synthesis of 5-phenylethynyiisophthalic acid dichloride 

[0071 ] In accordance with the same procedures as those conducted in (2) in Preparation Example 1 except that 99. 7 
ss g (0.365 mole) of dimethyl 5-bromoisophthalate was used in place of 125 g (0.365 mole) of dimethyl 5-trifluorometh- 
anesulfonyloxyisophthalate, 80.8 g (the yield: 75%) of 1-[3,5-bis(methoxycarbonyI}phenyl]-2-phenylethyne was ob- 
tained. 

[0072] In accordance with the same procedures as those conducted in (3) and (4) in Preparation Example 1 , dipo- 
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tassium 5-(2-phenylethynyl)-isophthalate and 5-(2-phenylethynyl)isophthalic acid dichloride, successively, were ob- 
tained. 

Preparation Example 8 

5 

Preparation of 4,44olanedicarboxylic acid dichloride 

(1) Synthesis of methyl 4-ethynylbenzoate 

io [0073] In accordance with the process described in J. Org. Chem., Volume 57, Pages 6998 to 6999 (1 962), 4-ethy- 
nylbenzoic aoid chloride was synthesized. 

[0074] Then, a solution prepared by dissolving 24.7 g (0.15 mole) of 4-ethynylbenzoic aoid chloride in 30 ml of tet- 
rahydrofuran was added dropwlse into 300 ml of methanol cooled in an ice bath . Afterthe addition was completed, the 
reaction solution became turbid in 20 minutes. The reaction mixture was kept being stirred for 2 hours in the ice bath 
15 and then stirred at the room temperature for further 2 hours. The reaction mixture was filtered and dried and 21 g (the 
yield: 87%) of methyl 4-ethynylbenzoate was obtained. 

(2) Synthesis of dimethyl 4,4'-tolandicarboxyiate 

20 [0075] A mixture containing 16.0 g (0.1 mole) of methyl 4-ethynylbenzoate obtained above in (1), 21.5 g (0.1 mole) 
of methyl 4-bromobenzoafe, 0.288 g (0.0011 mole) of triphenylphosphine, 0.07 g (0.00037 mole) of copper(l) iodide, 
250 ml of triethylamlne and 37.5 ml of pyridine was stirred and the temperature was raised until the refluxing started 
at 87°C. Then, the temperature was lowered until the refluxing stopped. At this temperature, 0.098 g (0.00014 mole) 
of dichlorobis(trlphenylphosphine)-palladium was added and the resultanl mixture was heated under the refluxing con- 

& dition for 3 hours. The reaction mixture was cooled and concentrated using a rotary evaporator. The formed precipitates 
were separated by filtration, dried and washed twice with 500 ml of ethyl acetate. 

[0076] The obtained product was placed into tetrahydrof uran and stirred under heating. Then, the mixture was filtered 
at a high temperature. After reorystallization from the obtained filtrate, 1 4.7 g (the yield: 50%) of dimethyl 4,44olandi- 
carboxylate was obtained. 

30 

(3) Synthesis of 4,4'-tolandlcarboxylic acid dichloride 

[0077] Potassium.hydroxide In an amount of 1 6.83 g (0.3 mole) was dissolved Into 450 ml of methanol. After 8.22 g 
(0.033 mole) of dimethyl tolandlcarboxylate obtained above In (2) was added to the resultant solution, the temperature 

ss was raised and the mixture was heated under the refluxing condition for 18 hours. The reaction mixture- was then 
cooled. The formed precipitates were recovered by filtration and dissolved into 1 liter of water. After insoluble residues 
in the solution was removed by filtration, pH of the filtrate was slowly adjusted to 3 with a hydrochloric acid having a 
concentration of 0.1 mole/liter. The formed precipitates of 4,4'-tolandicarboxyllc acid were separated by filtration and 
dried and 6.7 g (the yield: 76%) of 4,4'-toiandicarboxyllc acid was obtained. 

40 [0078] 4,4'-Tolandicarboxyiic acid obtained above in an amount of 6.5 g (0.024 mole), 60 ml of 1,2-dichloroethane, 
10,013 g of benzyl triethylammonium chloride and 3.9 ml of thionyl chloride were mixed together. The temperature was 
raised and the mixture was heated under the refluxing condition for 1 0 hours. To the resultant reaction mixture, 40 ml 
of n-hexane was added. The resultant mixture was filtered at a high temperature and crystals were obtained from the 
filtrate. The crystals were recrystallized from a mixed solvent of 1 ,2-dichloroethane and hexane and 3 g (the yield: 

45 41 %) of 4,4'-tolandicarboxylic acid dichloride was obtained. 

Preparation Example 7 

Preparation of 2,2'-bis(phenylethynyl)-4.4'-biphenyidtcart>oxylte aoid dichloride 

50 

(1) Synthesis of dimethyl 2,2'-bis(pheny!ethynyl)-4,4'-biphenyldicarboxylate 

[0079] Dlrnethyl4,4'-biphenyldicarboxylatein an amount of 25 g (0.092 mole) was added into300 ml of aconcentrated 
sulfuric acid in combination with 55 g (0.22 mole) of iodine. As the catalyst, 85 g of silver sulfate was added and the 
55 resultant mixture was stirred atthe room temperature for 1 hour. The temperature was raised to 80°G and the reaction 
mixture was stirred for 18 hours. The reaction mixture was added dropwise to ice water and yellow precipitates were 
obtained. The precipitates were washed twice with water, filtered and dried at 80"C in vacuo for24 hours. The obtained 
dried product was purified by extraction with methanol using a Soxhlet extractor for 24 hours and recrystallized from 
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methanol and 41 g (the yield: 85%) of dimethyl 2,2'-diiodo-4,4'-biphenyldlcart)oxylate was obtained as yellow crystals. 
[0080] Dimethyl a^'-diiodo^'-biphenyldicarboxylate obtained above in an amount of 26 g (0,05 mole), 0.08 g of 
copper iodide and 0. 1 1 g of bis(triphenylphosphlne)pal!adium were added into 1 20 ml of pyridine and the mixture was 
stirred at the room temperature for 1 hour. To the resultant reaction mixture, a solution prepared by adding 12.5 g 

s (0. 122 mole) of phenylacetylene Into 60 ml of pyridine was slowly added. The temperature of the obtained mixture was 
raised to 80°C and the mixture was kept being stirred at this temperature for 5 hours. The mixture was then cooled to 
the room temperature and the precipitated salts were removed by filtration. After pyridine was removed by distillation 
• using a rotary evaporator a crude product was obtained. The crude product was dissolved into 200 ml of diethyl ether 
and washed with a 5% by weight hydrochloric acid and water. After recrystallization from a mixed solvent of hexane 

to and toiuene (90/1 0 v/v), 1 6 g (the yield: 68%) of dimethyl 2,2 , -bis(phenylethynyl)-4,4'-biphenyldicarboxylate was ob- 
tained. 

(2) Synthesis of 2,2'-bis(phenylethynylH,4'-biphenyldicarboxy[ic acid dichloride 

« [0081 ] A mixture containing 1 4 g (0.03 mole) of dimethyl 2,2'-bls(phenylethynyi)-4,4'-biphenyldicarboxylate obtained 
above in (1 ) and 1 20 ml of an ethanoi solution of potassium hydroxide having a concentration of 1 mole/liter was heated 
under the refiuxing condition for 2 hours. The protection was removed with a dilute hydrochloric acid and yellow pre- 
cipitates were obtained. The precipitates were separated by filtration, dried and recrystallized from a mixed solvent of 
toluene and methanol (90/10 v/v) and 12 g (the yield: 90%) of 2,2'-bis(phenylethynyl)-4,4'-biphenyldicarboxylic acid 

20 was obtained. 

[00821 A mixture of 4.5 g (0.01 mole) of 2,2'-bis(phenylethynyl)-4,4'-biphenyldicarboxylic acid obtained above, 1 ml 
of N,N-dimethyiformarnide and 1 00 ml of thionyl chioride was heated underthe refiuxing condition for 6 hours and then 
the remaining thionyl chloride was removed by distillation in vacuo. The obtained crude product was recrystallized from 
a mixed solvent of hexane and chloroform (90/1 0 v/v) and 4.0 g (the yield: 82%) of 2,2 , -bis(p'henylethynyl)-4,4'-biphe- 
2s nyldicarboxyfic acid dichloride was obtained. 

[0083] in accordance with the procedures similar to those conducted above, 2,2'-bis(naphthyiethynyl)-4,4'-biphenyl- 
dicarboxylic acid dichloride was prepared. 

Preparation Example 8 

30 

Preparation of 2,7-biphenylenedicarboxyllcacid dichloride 

[0084] In accordance with the process described in J. Poly. Scl.: Polymer Letters Edition, Volume 16, Pages 653 to 
656 (1978), 2,7-blphenylenedlcarboxyllc acid dichloride was prepared. 

35 

Example 1 

[0085] 2,2-bis(3-Amino-4-hydroxyphenyt)hexafluoropropane in an amount of 3S.9 g (0.098 mole) was dissolved into 
330 ml of dry N-methyl-2-pyrrolidone. To the resultant solution, 27.7 g (0.1 mole) of 4-ethynyl-2,6-naphthalenedicar- 
40 boxylio acid dichloride was added under dry nitrogen at 1 0°C. After the addition was completed, the resultant solution 
was stirred at 10°C for 1 hour and then at 20°C for 1 -hour. After the temperature was adjusted to ICC, 22.3 g (0.22 
mole) of triethylamine was added and then a solution prepared by dissolving 38.4 g (0.004 mole) of a styrene oligomer 
having 4-aminobenzoic acid ester group at the chain ends which was synthesized in Preparation Example 1 (the 
number-average molecular weight: 9,600) into 100 ml of f butyrolactone was added under dry nitrogen at ICC. After 
45 the addition was completed, the reaction solution was stirred at 10"C for 1 hour and then at 20°C for 20 hours. After 
the reaction was completed, the reaction liquid was filtered and triethylamine hydrochloride was removed. The filtrate 
was added dropwiseto a mixed solution containing 6.6 liters of ion-exchanged water and 6.6 liters of isopropanof. The 
precipitates were collected and dried and 80.9 g of a copolymer was obtained. The molecular weight of the obtained 
copolymer was measured by a GPC apparatus manufactured by TOSO Co., Ltd. as the molecular weight of the cor- 
se responding polystyrene. The weight-average molecular weight was 30,000 and the molecular weight distribution was 
2.23. The fraction of the reactive oligomer component introduced into the copolymer was obtained in accordance 
With ^MR and found to be 36% by weight. 

[0086] The obtained copolymer In an amount of 5.00 g was dissolved into 20.00 g of N-methyl-2-pyrrolidone. The 
resultant solution was filtered by a Teflon filter of 0.2 u.m and a varnish was obtained. A silicon wafer having a vapor 
« deposition film of aluminum was coated with the varnish using a spin coater. The speed of rotation and the time of 
coating were set in a manner such that the fiim obtained after a heat treatment had a thickness of about 5 urn. After 
the coating, the film was dried on a hot plate heated at 120°C for 240 seconds. Then, in an oven in which the concen- 
tration of oxygen was controlled at 10 ppm or smaller by introducing a flow of nitrogen gas, the film was heated at 
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300»C for 60 minutes and a film of a polybenzoxazoie resin having the oligomer reacted at the chain ends was obtained. 
The film was further heated at 400°C for 60 minutes so that the units of the oligomer was decomposed and a film of a 
polybenzoxazoie resin having pores was obtained. The patterning was conducted by vapor deposition of aluminum on 
the obtained film and an electrode having a specific size was formed. The capacity between aluminum on the face of 
s the silicon wafer and the electrode was measured. After the measurement, a portion of the film adjacent to the electrode 
was treated by the etching with oxygen plasma and the thickness of the film was measured by a surface roughness 
meter. The permittivity at 1 MHz was calculated based on the obtained data and found to be 2.54. A section of the film 
was observed by TEM and the formed pores were found to be independent fine pores having diameters of 15 nm or 
smaller. The results are shown in Table 1 together with the heat resistance, Tg and the water absorption. 

10 

Example 2 

[0087] 2,2-bis(3-Amino-4-hydroxyphenyl)hexafluoropropane in an amount of 33.0 g (0.09 mole) was dissotved into 
330 ml of dry N-methyl-2-pyrrolidone. To the resultant solution, 22.7 g (0.1 mole) of 5-ethynylterephthalic acid dlchloride 

is was added under dry nitrogen at 1 0°C. After the addition was completed, the resultant solution was stirred at 1 0°C for 
■ 1 hour and then at 20°C for 1 hour. After the temperature was adjusted to 1 0°C, 22.3 g (0.22 mole) of triethytamine 
was added and then a solution prepared by dissolving 56.0 g (0.02 mole) of a polyethylene glycol)-block-poly(propylene 
glycol)-bIock-(polyethylene glycol) having hydroxyl group at the chain ends (manufactured by ALDRICH Company; the 
number-average moiecular weight: 2,800) into 1 00 ml of y-butyroiactone was added under dry nitrogen at 1 0°C. After 

20 the addition was completed, the reaction solution was stirred at 1 0°C for 1 hour and then at 20°C for 20 hours. After 
the reaction was completed, the reaction liquid was filtered and triethylamine hydrochloride was removed. The filtrate 
was added dropwlse to a mixed solution containing 6.6 liters of ion-exchanged water and 6.6 liters of isoprgpanoi. The 
precipitates were collected and dried and 89.1 g of a copolymer was obtained. The molecular weight of the obtained 
copolymer was measured by a GPC apparatus manufactured by TOSO Co., Ltd. as the molecular weight of the cor- 

25 responding polystyrene. The weight-average molecular weight was 20,000 and the molecular weight distribution was 
2.2. The fraction of the reactive oligomer component introduced into the copolymer was obtained in accordance 
with 1 NMR and found to be 48% by weight. 

[0088] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
cedures as those conducted in Example 1 . The results of the measurements are shown together in Table 1 . 

30 

Example 3 

[0089] 9,9-bis(4-((4-Amino-3-hydroxy)phenoxy)phenyl)fiuorene In an amount of 53.6 g (0.095 mole) was dissolved 
Into 330 ml of dry N-methyl-2-pyrrolldone. To the resultant solution, 22.7 g (0.1 mole) of 5-ethynylisophthailc acid 

35 dichioride was added under dry nitrogen at 1 Q°C. After the addition was completed, the resultant solution was stirred 
at 10°C for 1 hour and then at 20"C for 1 hour. After the temperature was adjusted to 10°C, 22.3 g (0.22 mole) of 
triethylamine was added and then a solution prepared by dissolving 40.0 g (0.01 mole) of polypropylene glycol)bis 
(2-aminoprapyl ether) (manufactured by ALDRICH Company; the number-average molecular weight: 4,000) into 100 
ml of ■y-butyrolactone was added under dry nitrogen at 1 0°C. After the addition was completed, the reaction solution 

40 was stirred at 1 0°C for 1 hour and then at 20°C for 20 hours. After the reaction was completed, the reaction liquid was 
filtered and triethylamine hydrochloride was removed. The filtrate was added dropwiss to a mixed solution containing 
6.6 liters of ion-exchanged water and 6.6 liters of isopropanol. The precipitates were collected and dried and 96,7 g of 
a copolymer was obtained. The molecular weight of the obtained copolymer was measured by a GPC apparatus man- 
ufactured by TOSO Co., Ltd. as me molecular weight of the corresponding polystyrene. The weight-average molecular 

45 weight was 25,200 and the molecular weight distribution was 2.20. The fraction of the reactive oligomer component 
introduced into the copolymer was obtained in accordance with 1 NMR and found to be 34% by weight. 
[0090] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
cedures as those conducted In Example 1 . The results of the measurements are shown together in Table 1 . 

so Example 4 

[0091] 2,2-bis(3-Amino-4-hydroxyphenyi)hexafluoropropane in an amount of 69.6 g (0.19 mole) was dissolved Into 
330 mi of dry N-methyl-2-pyrroiidone. To the resultant solution, 22.7 g (0.1 mole) of 5-ethynylterephthalic acid dichioride 
and 25.3 g (0.1 mole) of 2,6-naphthalenedicarboxylic acid dichioride were added under dry nitrogen at 1 0°C. After the 
55 addition was completed, the resultant solution was stirred at 10°C for 1 hour and then at 20°C for 1 hour. After the 
temperature was adjusted to 10°G, 44.5 g (0.44 mole) of triethylamine was added and then a solution prepared by 
dissolving 50 g (0.02 moie) of the polypropylene glycol) oligomer having 4-aminobenzoic acid ester group at the chain 
ends which was synthesized in Preparation Example 2 (the number-average moiecular weight: 2,500) into 100 ml of 
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y-butyrolactone was added under dry nitrogen at 1 0°C. After the addition was completed, the reaction solution was 
stirred at 10°C for 1 hour and then at 20°C for 20 hours. After the reaction was completed, the reaction liquid was 
filtered and triethyiamine hydrochloride was removed. The filtrate was added dropwise to a mixed solution containing 
6.6 liters of Ion-exchanged water and 6.6 liters of isopropanol. The precipitates were collected and dried and 138.6 g 
s of a copolymer was obtained. The molecular weight of the obtained copolymer was measured by a GPC apparatus 
manufactured by TOSO Co., Ltd. as the molecular weight of the corresponding polystyrene. The weight-average mo- 
lecular weight was 25,000 and Ihe molecular weight distribution was 2.25. The fraction of the reactive oligomer com- 
ponent introduced into the copolymer was obtained in accordance with 1 NMR and found to be 27% by weight. 
[0092] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
ve cedures as those conducted in Example 1 . The results of the measurements are shown together in Table 1 . 

Example 5 

[0093] 2,2-bis(3-Amino-4-hydroxyphenyl)hexafiuoropropane in an amount of 34.8 g (0.095 mole) was dissolved into 
is 330 ml of dry N-methyl-2-pyrrotidone. To the resultant solution, 30.3 g (0.1 mole) of 5-phenyfethynylisophthallc acid 
dichloride was added under dry nitrogen at 10°C. After the addition was completed, the resultant solution was stirred 
at 10°G for 1 hour and then at 20"C for 1 hour. After the temperature was adjusted to 10°C, 22.3 g (0.22 mole) of 
triethyiamine was added and then a solution prepared by dissolving 40 g (0.01 mole) of a polypropylene giycol)bis 
(2-amlnopropyi ether) (manufactured by ALDRICH Company; the number-average molecular weight: 4,000) into 100 
so ml of y-butyrolactone was added under dry nitrogen at 10°C. After the addition was completed, the reaction solution 
v/as stirred at 10°C for 1 hour and then at 2Q'C for 20 hours. After the reaction was completed, the reaction liquid was 
filtered and triethyiamine hydrochloride v/as removed. The filtrate was added dropwise to a mixed solution containing 
6.6 liters of ion-exchanged water and 6.6 liters of isopropanol. The precipitates were collected and dried and 87.9 g of 
a copolymer was obtained. The molecular weight of the obtained copolymer was measured by a QPC apparatus man- 
25 ufactured by TOSO Co., Ltd. as the molecular weight of the corresponding polystyrene. The weight-average molecular 
weight was 25,000 and the molecular weight distribution was 2.20. The fraction of the reactive oligomer component 
introduced into the copolymer was obtained in accordance with 1 NMR and found to be 36% by weight. 
[0094] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
cedures as those conducted in Example 1 . The results of the measurements are shown together in Table 1 . 
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Example 6 

[0095] 2,2-bis(3-Amlno-4-hydroxyphenyl)hexaf luoropropane in an amount of 34.8 g (0.095 mole) was dissolved into 
330 ml of dry N-methyl-2-pyrrolidone. To the resultant solution, 27.6 g (0,1 mole) of 2,7-biphenylenedlcaraoxyllc acid 

35 dichloride was added under dry nitrogen at 10°C. After the addition was completed, the resultant solution was stirred 
at 10°C for 1 hour and then at 20°C for 1 hour. After the temperature was adjusted to 10°C, 22.3 g (0,22 mole) of 
triethyiamine was added and then a solution prepared by dissolving 40 g (0.01 moie) of poly(propylene giycol)bis 
(2-aminopropyl ether) (manufactured by ALDRICH Company; the number-average molecular weight: 4,000) into 100 
ml of y-butyrolactone was added under dry nitrogen at 10°C. After the addition was completed, the reaction solution 

40 was stirred at 1 0°C for 1 hour and then at 20°C for 20 hours. After the reaction was completed, the reaction liquid was 
filtered and triethyiamine hydrochloride v/as removed. The filtrate was added dropwise to a mixed solution containing 
6.6 liters of ion-exchanged water and 6.6 liters of isopropanol. The precipitates were collected and dried and 87.7 g of 
a copolymer was obtained. The molecular weight of the obtained copolymer was measured by a QPC apparatus man- 
ufactured by TOSO Co., Ltd. as the molecular weight of the corresponding polystyrene. The weight-average molecular 

45 weight was 25,300 and the molecular weight distribution was 2.21 . The fraction of the reactive oligomer component 
introduced into the copolymer was obtained in accordance with 1 NMR and found to be 38% by weight. 
[0096] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
cedures as those conducted in Example 1 . The results of the measurements are shown together in Table 1 . 

so Example 7 

[0097] 2,2-bis(3-Amino-4-hydroxyphenyt)hexafluoropropane in an amount of 34.8 g (0.095 mole) was dissolved into 
330 ml of dry N-methyl-2i)yrrolidone. To the resultant solution, 30.3 g (0. 1 mole) of 4,4'-tofandicarboxy lie acid dichloride 
v/as added under dry nitrogen at 10°C. After the addition was completed, the resultant solution was stirred at 10°C for 
55 1 hour and then at 20°C for 1 hour. After the temperature was adjusted to 1 0°C, 22.3 g (0.22 mole) of triethyiamine 
was added and then a solution prepared by dissolving 40 g (0.01 moie) of polypropylene glyeol)bis(2-aminopropyl 
ether) (manufactured by ALDRICH Company; the number-average molecular weight: 4,000) into 100 mi of y-butyrol- 
actone was added under dry nitrogen at 10°C. After the addition was completed, the reaction solution was stirred at 
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10°C for 1 hour and then at 20°C for 20 hours. After the reaction was completed, the reaction liquid was filtered and 
triethylamine hydrochloride was removed. The filtrate was added dropwise to a mixed solution containing 6.6 liters of 
ion-exchanged water and 6.6 liters of isopropanol. The precipitates were collected and dried and 90.8 g of a copolymer 
was obtained. The molecular weight of the obtained copolymer was measured by a GPC apparatus manufactured by 
s TOSO Co. , Ltd. as the molecular weight of the corresponding polystyrene. The weight-average molecular weight was 
25,100 and the molecular weight distribution was 2.21. The fraction of the reactive oligomer component introduced 
Into the copolymer was obtained in accordance with 1 NMR and found to be 37% by weight. 

[0098] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
cedures as those conducted in Example 1. The results of the measurements are shown together in Table 1 . 

10 

Example 8 

[0099] 9,9-bis(4-((4-Amino-3-hydroxy)phenoxy)phenyl)fluorene in an amount of 119.2 g (0.21 mole) was dissolved 
into 900 ml of dry N-methyl-2-pyrrolidone. To the resultant solution, 22.7 g (0.1 mole) of 5-ethynylisophthalic acid 

15 dichloride, 30.3 g (0.1 mole) of 5-phenylethynylisophthalic acid dichloride and 4.5 g (0.022 mole) of isophthalic acid 
dichloride were added under dry nitrogen at 10°C. After the addition was completed, the resultant solution was stirred 
at 10"C for 1 hour and then at 20°C for 1 hour. After the temperature was adjusted to 10°C, 49.5 g (0.49 mole) of 
triethylamine was added and then a solution prepared by dissolving 88.9 g (0.022 mole) of poly(propylene g!ycol)bis 
(2-aminopropyI ether) (manufactured by ALDRICH Company; the number-average molecular weight: 4,000) into 250 

20 ml of y-butyrolactone was added under dry nitrogen at 10°C. After the addition was completed, the reaction solution 
was stirred at 10°C for 1 hour and then at 20°C for 20 hours. After the reaction was completed, the reaction liquid was 
filtered and triethylamine hydrochloride was removed. The filtrate was added dropwise to a mixed solution containing 
15 liters of ion-exchanged water and 15 liters of isopropanol. The precipitates were collected and dried and 211 .8 g of 
a copolymerwas obtained. The molecular weight of the obtained copolymer was measured by a GPC apparatus man- 

25 ufactured by TOSO Co., Ltd. as the molecular weight of the corresponding polystyrene. The weight-average molecular 
weight was 25,000 and the molecular weight distribution was 2.20. The fraction of the reactive oligomer component 
introduced into the copolymer was obtained in accordance with 1 NMR and found to be 33% by weight. 
[01 00] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
cedures as those conducted in Example 1 . The results of the measurements are shown together in Table 1 . 

30 

Example 9 

[0101] 9,9-bis(4-((4-Amino-3-hydroxy)phenoxy)phenyl)fluorene in an amount of 71.5 g (0.13 mole) was dissolved 
Into 550 ml of dry N-methyi-2-pyrrolldone. To the resultant solution, 7.6 g (0.033 mole) of 5-ethynyllsophthalic acid 

3s dichloride and 30.3 g (0.1 mole) of 5-phenylethynylisophthalic acid dichloride were added under dry nitrogen at 10°C. 
After the addition was completed, the resultant solution was stirred at 10"C for 1 hour and then at 20°C for 1 hour. 
After the temperature was adjusted to 1 0°C, 29.7 g (0.29 mole) of triethylamine was added and then a solution prepared 
by dissolving 53.3 g (0.013 mole) of polypropylene g!ycol)bis(2-arninopropyl ether) (manufactured by ALDRICH Com- 
pany; the number-average molecular weight: 4,000) into 150 ml of y-butyrolactone was added under dry nitrogen at 

40 10°C. After the addition was completed, the reaction solution was stirred at 10"C for 1 hour and then at 20-C for 20 
hours. After the reaction was completed, the reaction liquid was filtered and triethylamine hydrochloride was removed. 
The filtrate was added dropwise to a mixed solution containing 11 liters of ion-exchanged water and 1 1 liters of isopro- 
panol. The precipitates were collected and dried and 137.7 g of a copolymerwas obtained. The molecular weight of 
the obtained copolymer was measured by a GPC apparatus manufactured by TOSO Co., Ltd. as the molecular weight 

45 of the corresponding polystyrene. The weight-average molecular weight was 24,000 and the molecular weight distri- 
bution was 2.10. The fraction of the reactive oligomer component introduced into the copolymerwas obtained in ac- 
cordance with 1 NMR and found to be 32% by weight. 

[0102] A sample for evaluation was obtained from the copolymer obtained above In accordance with the same pro- 
cedures as those conducted In Example 1 . The results of the measurements are shown together in Table 1 . 

50 

Example 10 

[0103] 2,2-bis(3-Amino-4-hydroxyphenyl)hexafluoropropane In an amount of 34.8 g (0.095 mole) was dissolved into 
330 ml of dry N-methyl-2-pyrrolidone. To the resultant solution, 47.9 g (0.1 mole) of 2,2 , -bis(pheny!ethynyl)-4,4'-biphe- 
ss nyldicarboxylic acid dichloride was added under dry nitrogen at 1 0°C. After the addition was completed, the resultant 
solution was stirred at 1 0°C for 1 hour and then at 20°C for 1 hour. After the temperature was adjusted to 1 0*C, 22.3 
g (0.22 mole) of triethylamine was added and then a solution prepared by dissolving 28.0 g (0,01 mole) of a poly 
(ethylene glycol) block-poiy(propy!ene g(ycol)-block-(polyethylene glycol) having hydroxy! group at the chain ends 
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(manufactured by ALDRICH Company; the number-average molecular weight: 2,800) into 100 ml of 7-butyrolactone 
was added under dry nitrogen at 10°C. After the addition was completed, the reaction solution was stirred at 10°C for 
1 hour and then at 20°C for 20 hours. Afterthe reaction was completed, the reaction liquid was filtered and trtethylamine 
hydrochloride was removed. The filtrate was added dropwise to a mixed solution containing 6.6 liters of ion-exchanged 

5 water and 6.6 liters of Isopropanol. The precipitates were collected and dried and 88,1 g of a copolymer was obtained. 
The molecular weight of the obtained copolymer was measured by a GPC apparatus manufactured by TOSO Co., Ltd. 
as the molecular weight of the corresponding polystyrene. The weight-average molecular weight was 25,000 and the 
molecular weight distribution was 2.2. The fraction of the reactive oligomer component introduced Into the copolymer 
was obtained in accordance with 1 NMR and found to be 25.8% by weight. 

10 [01 04] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
cedures as those conducted in Example 1 . The results of the measurements are shown together in Table 1 . 

Example 11 

'5 [0105] 2,2-bis(3-Amino-4-hydroxyphenyl)hexaf!uoropropane in an amount of 34:8 g (0.0B5 mole) was dissolved into 
330 mi of dry N-methyl-2-pyrrolldone. To the resultant solution, 57.9 g (0.1 mole) of 2,2'-bis(naphthylethynyl)-4,4'- 
biphenyldicarboxylic acid dichloride was added under dry nitrogen at 10°C. After the addition was completed, the 
resultant solution was stirred at 10°C for 1 hour and then at 20°C for 1 hour. After the temperature was adjusted to 
10°C, 22.3 g (0.22 mole) of triethylamine was added and then a solution prepared by dissolving 28,0 g (0.01 mole) of 

20 a polyfethylene glycol)-block-poly(propyiene giycol)-block-(poiyethyiene glycol) having hydroxy! group at the chain 
ends (manufactured by ALDRICH Company; the number-average molecular weight: 2,800) into 100 ml of y-butyroiac- 
tone was added under dry nitrogen at 1 0°C. After the addition was completed, the reaction solution was stirred at 1 0°C 
for 1 hour and then at 20°C for 20 hours. After the reaction was completed, the reaction liquid was filtered and triethyl- 
amine hydrochioride was removed. The filtrate was added dropwise to a mixed solution containing 6.6 liters of ion- 

25 exchanged water and 6.6 liters of isopropanol, The precipitates were collected and dried and 98.5 g of a copolymer 
was obtained. The molecular weight of the obtained copolymer was measured by a GPC apparatus manufactured by 
TOSO Co., Ltd. as the.molecular weight of the corresponding polystyrene. The weight-average molecular weight was 
24,000 and the molecular weight distribution was 2. 1 . The fraction of the reactive oligomer component introduced Into 
the copolymer was obtained in accordance with <NMR and found to be 23.5% by weight. 

so [01 06] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
cedures as those conducted in Example 1 . The results of the measurements are shown together in Table 1 . 

Example 12 

& [0107] 2,2-bis(3-Amino-4-hydroxyphenyl)hexafluoropropane in an amount of 34.8 g (0.095 mole) was dissolved into 
330 ml of dry N-meihyl-2-pyrrolidone. To the resultant solution, 33.5 g (0.07 mole) of 2,2'-bis(phenylethynyl)-4,4'-bi- 
phenyldicarboxylic acid dichloride and 6.1 g (0.03 mole) of isophthalic acid dichloride were added under dry nitrogen 
at 1 0°C. After the addition was completed, the resultant solution was stirred at 1 0°C for 1 hour and then at 20°C for 1 
hour. After the temperature was adjusted to 1 0°C, 22.3 g (0.22 mole) of triethylamine was added and then a solution 
prepared by dissolving 40.0 g (0.01 mole) of polypropylene glycol)bis<2-aminopropyl ether) (manufactured by 
ALDRICH Company; the number-average molecular weight: 4,000) into 100 ml of y-butyrolactone was added under 
dry nitrogen at 10°C. After the addition was completed, the reaction solution was stirred at 10°C for 1 hour and then 
at 20°C for 20 hours. After the reaction was completed, the reaction liquid was filtered and triethylamine hydrochloride 
was removed. The filtrate was added dropwise to a mixed solution containing 6.6 liters of ion-exchanged water and 

45 6.6 liters of isopropanol. The precipitates were collected and dried and 91.3 g of a copolymer was obtained. The 
molecular weight of the obtained copolymer was measured by a GPC apparatus manufactured by TOSO Co., Ltd, as 
the molecular weight of the corresponding polystyrene. The weight-average molecular weight was 26,000 and the 
molecular weight distribution was 2.2. The fraction of the reactive oligomer component introduced into the copolymer 
was obtained in accordance with 1 NMR and found to be 35.05% by weight. 

so [01 08] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
cedures as those conducted in Example 1. The results of the measurements are shown together in Table 1 . 

Comparative Example 1 

ss [Q109] 2,2-bis(3-Amino-4-hydroxyphenyl)hexafluoropropane in an amount of 34.8 g (0.095 mole) was dissolved into 
330 ml of dry N-methyi-2-pyrrolldone. To the resultant solutfon, 7.7 g (0.1 mole) of 5-ethynyl-2,8-naphthalenedicarbo- 
xylic acid dichloride was added under dry nitrogen at 10°C, Afterthe addition was completed, the resultant solution 
was stirred at 1 0°C for-1 hour and then at 20°C for 1 hour. After the temperature was adjusted to 10 o C, 22.3 g (0.22 
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mole) of triethylamine was added. After the addition was completed, the reaction solution was stirred at 10°C for 1 
hour and then at 20°C for 20 hours. Afterthe reaction was completed, the reaction liquid was filtered and triethylamine 
hydrochloride was removed. The filtrate was added dropwise to a mixed solution containing 6.8 liters of ion-exchanged 
water and 6.6 liters of isopropanol. The precipitates were collected and dried and 53.5 g of a copolymer was obtained. 
^ The molecular weight of the obtained copolymer was measured by a GPC apparatus manufactured by TOSO Co., Ltd. 
as the molecular weight of the corresponding polystyrene. The weight-average molecular weigh! was 25,600 and the 
molecular weight distribution was 2.23. 

[01 10] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
cedures as those conducted in Example 1 . The results of the measurements are shown together in Table 1 . 

10 

Comparative Example 2 

[01 1 1 ] 2,2-bis(3-Amino-4-hydroxyphenyl)hexaf luoropropane in an amount of 34. 3 g (0.085 mole) was dissolved into 
330 ml of dry N-methyl-2-pyrrolidone. To the resultant solution, 20.3 g (0.1 mole) of terephthalic acid dichloride was 

is added under dry nitrogen at 1 0°C. After the addition was completed, the resultant solution was stirred at 1 0°C for 1 
hour and then at 20°C for 1 hour. After the temperature was adjusted to 1 0°C, 22.3 g (0.22 mole) of triethylamine was 
added and then asolution prepared by dissolving 2B g{0.01 mole) of polypropylene glycol)-block-(poly(ethy(ene glycol) 
having hydroxyl group at the chain ends (the number-average molecular weight: 2,800) into 100 mi of y-butyrolactone 
was added under dry nitrogen at 10°C. After the addition was completed, the reaction solution was stirred at 10°C for 

20 1 hour and then at 20°C for 20 hours. Afterthe reaction was completed, the reaction liquid was filtered and triethylamine 
hydrochloride was removed. The filtrate was added dropwise to a mixed solution containing 6.6 liters of ion-exchanged 
water and 6,6 liters of Isopropanol. The precipitates were collected and dried and 50.3 g of a copolymer was obtained. 
The molecular weight of the obtained copolymer was measured by a GPC apparatus manufactured by TOSO Co., Ltd. 
as the molecular weight of the corresponding polystyrene. The weight-average molecular weight was 20,1 00 and the 

25 molecular weight distribution was 2.22. The fraction of the reactive oligomer component introduced into the copolymer 
• was obtained in accordance with 1 NMR and found to be 33% by weight. 

[01 12] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
cedures as those conducted in Example 1 . The results of the measurements are shown together in Table 1 . 

so Comparative Example 3 

[0113] 2,2-bis(3-Amino-4-hydroxyphenyl)hexafiuoropropane in an amount of 36.4 g (0.0995 mole) was dissolved 
Into 330 ml of dry N-methyi-2-pyrrolldone. To the resultant solution, 22.7 g (0.1 mole) of 5-ethynylterephthalic acid 
dichloride was added under dry nitrogen at 1 0°C. After the addition was completed, the resultant solution was stirred 

35 at 10°C for 1 hour and then at 20°C for 1 hour. After the temperature was adjusted to 10°C, 22.3 g (0.22 mole) of 
triethylamine was added and then a solution prepared by dissolving 50.0 g (0.001 mole) of the polystyrene having 
4-aminobenzoic acid group at the chain ends which was prepared in Preparation Example 3 (the number-average 
molecular weight: 50,000) into 1 00 ml of y-butyrolactone was added under dry nitrogen at 1 0°C. After the addition was 
completed, the reaction solution was stirred at 10°C for 1 hour and then at 20"C for 20 hours. After the reaction was 

to completed, the reaction liquid was filtered and triethylamine hydrochloride was removed. The filtrate was added drop- 
wise to a mixed solution containing 6.6 liters of ion-exchanged water and 6.6 liters of isopropanol. The precipitates 
were collected and dried and 81 .4 g of a copolymer was obtained. The molecular weight of the obtained copolymer 
was measured by a GPC apparatus manufactured by TOSO Co., Ltd. as the molecular weight of the corresponding 
polystyrene. The weight-average molecular weight was 80,000 and the molecular weight distribution was 2.12. The 

4$ fraction of the reactive oligomer component introduced Into thecopolymer was obtained in accordance with 1 NMR and 
found to be 42% by weight. 

[01 14] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
cedures as those conducted in Example 1 . The results of Ihe measurements are shown together in Table 1 . 

so Comparative Example 4 

[0115] 9,9-bis(4-((4-Amino-3-hydroxy)phenoxy)phenyl)fluorene in an amount of 126.2 g (0.22 mole) was dissolved 
into 600 ml of dry N-methyl-2-pyrrolldone. To the resultant solution, 27.8 g (0.1 mole) of 4,4'-biphenyldicarboxylte acid 
dichloride, 20.3 g (0.1 mole) of terephthalic acid dichloride and 4.8 g (0.024 mole) of isophthalic acid dichloride were 
55 added under dry nitrogen at 10°C. After the addition was completed, Ihe resultant solution was stirred at 10°C for 1 
hour and then at 20°C for 1 hour. After the temperature was adjusted to 1 0°C, 49.8 g (0.49 mole) of triethylamine was 
added and then a solution prepared by dissolving 94.1 g (0.024 mole) of poiy(propylene glycol)bis(2-aminopropyl ether) 
(manufactured by ALDRICH Company; the number-average molecular weight: 4,000) into 250 ml of y-butyrolactone 
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was added under dry nitrogen at 1 0°C. After the addition was completed, the reaction solution was stirred at 1 0°C for 
1 hour and then at 20°C for 20 hours. After the reaction was completed, the reaction liquid was filtered andtriethy lamlne 
hydrochloride was removed. The filtrate was added dropwise to a mixed solution containing 1 8 liters of ion-exchanged 
water and 1 8 liters of isopropanol. The precipitates were collected and dried and 21 0.4 g of a copolymer was obtained, 
s The molecuiar weight of the obtained copolymer was measured by a GPC apparatus manufactured by TOSO Co., Ltd. 
as the molecular weight of the corresponding polystyrene. The weight-average molecular weight was 24,000 and the 
molecular weight distribution was 2.10. The fraction of the reactive oligomer component introduced into the copolymer 
was obtained in accordance with 1 NMR and found to be 34% by weight. 

[01 1 6] A sample for evaluation was obtained from the copolymer obtained above in accordance with the same pro- 
10 cedures as those conducted in Example 1 . The results of the measurements are shown together in Table 1 . 



Table 1 





Specific permittivity 


Heat resistance 


Tg 


Water absorption 


Observation of fine 






(°C) 


CO 


(% by wt.) 


pores 


Example 1 


2.1 


543 


>450 


0.2 


fine oores of 15 nm 












or smaller 


Example 2 


1.7 


545 


>450 


0.3 


fine pores of 1 0 nm 












or smaller 


Example 3 


2.2 


539 


>450 


0.3 


fine pores of 1 0 nm 












or smaller 


Example 4 


2.1 


542 


>450 


0.3 


fine pores of 8 nm or 












smaller 


Example 5 


2.0 


560 


>450 


0.2 


fine pores of 1 0 nm 












or smaller 


Example 6 


1.9 


562 


>450 


0.2 


fineporesof9nmor 












smaller 


l—vamnta "7 

~Acti [ipic; / 




555 


>450 


0.2 


fine pores of 1 0 nm 












or smaller 


Example 8 


2.1 


544 


>450 


0.2 


fine pores of 10 nm 












or smaller 


Example 9 


2.2 


548 


>45Q 


0.2 


fine pores of 1 0 nm 












or smaller 


Example 10 


2.1 


547 


456 


0.2 


fine pores of 10 nm 












or smaller 


Example 11 


1.9 


568 


447 


0.2 


fine pores of 1 0 nm 












or smaller 


Example 12 


1.9 


523 


415 


0.2 


fine pores of 1 0 nm 












or smaller 


Comparative 


2.8 


545 


>450 


0.2 


no fine pores 


Example 1 










observed 


Comparative 


2.8 


539 


376 


0.2 


no fine pores 


Example 2 










observed 


Comparative 


*1 


546 


>450 


0.3 


voids of 1 nm or 


Example 3 










larger 


Comparative 


*1 


533 


380 


0.3 


no pores observed 


Example 4 











SO *1: Tha perniitttvlty could not be obtained due to short circuit during the measurement. 

[01 1 7] When a copolymer was prepared and evaluated in accordance with the same procedures as those conducted 
in Example 2 except that the amount of the reactive oligomer was increased to 72% by weight, the formed pores were 
continuous although the diameter was as small as 20 nm or smaller. The specific permittivity could not be obtained 
55 since the film was very fragile. 

[0118] It is shown by the results in Table 1 that the insulation films obtained from the material for an insulation film 
ofthepresent invention could exhibit low permittivities while the excellent heat resistance and the small water absorption 
were maintained. The fraction of pores calculated from the measured permittivity in accordance with a logarithmic 
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equation of mixing agreed well with the amount of the reactive oligomer introduced into the copolymer. 
Claims 

1 . A material for an insulating film which comprises, as a component forming the Him, a copolymer obtained by reacting 
a polyamide represented by following general formula [1] with a reactive oligomer having a substituent which can 
react with carboxyl group, amino group or hydroxy! group in a structure of the polyamide; 



H HO 0\/H HO 0\ 

i^u-v-JA-M^i-^-M— •••• <■ > 



15 \ricT % OR* / m \R 3 0' / N OR* 




wherein R 1 to R 4 each Independently represent hydrogen atom or a monovalent organic group, X represents a 
20 tetravalent group selected from groups represented by following formulae (A), two groups represented by X may 

be the same with or different from each other, Y represents at least one divalent group selected from groups 
represented by following formulae (B), (C), (D) and (E), Z represents a divalent group selected from groups rep- 
resented by following formulae (F), m and n each represent an integer satisfying relations of m>0, n^o, 
2Sm+nSl ,000 and 0.05Sm/(m+n)Sl and arrangement of repeating units may be a block arrangement or a ran- 
25 dom arrangement; 



so Formulae (A) 
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Formulae (B)-l 

5 
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Formulae (B)-2 
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Formulae (C)-l 
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Formulae (C)-2 
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Formulae <D) 



10 



is 



20 



25 



30 



05 



40 



45 



SO 





Formula (E) 



Formulae (F) 



d. &3. to. 



. to~o. 



9. to. to. 






wherein X1 in formulae (A) and (F) represents a divalent group selected from 
formulae (G): 



rom groups represented by following 
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10 




20 



ss 2. 



30 



35 



so 10. 



11. 



55 



12. 



and 

hydrogen atoms on a benzene ring in groups represented by Formulae (A), (B), (C), (D), (E), (F) and (G) may be 

~Z5> 'Zr atom or 9roup selected from a,kyf groups having 1 

A material for an insulating Aim according to Claim 1, wherein the polyamide is represented by general formula [1] 
in wh,ch Y represents a d!valent group selected from the groups represented by formulae (B) 

A material for an insulating film according to Claim 1 . wherein the polyamide is represented by general formula f1 1 
.n wh,ch Y represents a divalent group selected from the groups represented by formulae (C) 

£ !!h!t f 0 ' 3,1 ' nSUlati !! 9 fi ' m a ° COrd,nS '° C ' aim 1 ' wherein ,he PoVamide is represented by general formuia [1 ] 
in wh.cn Y represents a divalent group seiected from the groups represented by formulae (D). 

A material for an insulating film according to Claim 1 , wherein the polyamide is represented by general formula m 
in wh,ch Y represents a divalent group selected from the groups represented by formula (E) 1 

one olfoTrn^ "T aCC ° rdin9 '° ^ ° ne ° f C ' aimS 1 { ° 5 ' wherein the tive at least 

one oligomer selected from polyoxyalkylenes, poiymethyl methacrylate, poly-a-methvlstyrene, polystyrene poly- 
esters, polyether esters, polycaprolactone and poiyurethanes. poiy 

csrss rrsi s res; 0 Claim 7 ' wherein the reactive oiisomer has a »«*™«* - 

rCot !£ te 1ST C,aim 8l Wherei " rea0,iVS °' iSOmer h9S 8 "—age mo- 

iSSH accordins 10 Claim 10, wherein the copolymer comprises 5 to 50% by ,^ ht <* a 
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13. A coating varnish for an insulating film which comprises a material for an insulating film described in any one of 
Claims 1 to 12 and an organic solvent in which the material for an insulating film can be dissolved or dispersed. 

14. An insulating film which comprises a layer of a resin comprising a polybenzoxazole as a main structure and has 
s fine pores, wherein the polybenzoxazole is obtained by treating a material for an insulating film described In any 

one of Claims Ho 1 2 or a coating varnish for an insulating film described in Claim 1 3 by heating so that condensation 
reaction and crosslinking reaction lake place. 

15. An insulating film according to Claim 14, wherein the fine pores in the insulating film have diameters of 1 \im or 
to smaller. 

16. An insulating film according to Claim 15, wherein the fine pores in the insulating film have diameters of 500 nm or 
smaller. 

ts 17. An insulating film according to Claim 1 6, wherein the fine pores in the insulating film have diameters of 1 00 nm or 
smaller. 

18. An insulating film according to Claim 17, wherein the fine pores in the insulating film have diameters of 20 nm or 
smaller. 

so 

19. An insulating film according to any one of Claims 14 to 18, wherein the insulating films has a fraction of pores of 
5 to 70%. 

20. An insulating film according to Claim 19, wherein the insulating films has a fraction of pores of 5 to 50%. 

25 

21 . An insulating fiim according to Claim 20, wherein the insulating films has a fraction of pores of 5 to 40%. 

22. An insulating film according to any one of Claims 14 to 21, which is used as an insulating interlayer film for multi- 
layer wiring in semiconductors. 

so 

23 . An insulating film according to any one of Claims 1 4 to 21 , which is used as a surface protective film of semicon- 
ductors. 

24. A semiconductor device which comprises at least one of an Insulatlngintertayerfllmformulti-layerwirlng comprising 
35 an insulating film which is described in Claim 22 and a surface protective film comprising an insulating film which 

is described in Claim 23. 
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